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PREFACE 


This  Space  Propulsion  Hazards  Analysis  Manual  was  prepared  by  Martin 
Marietta  Astronautics  Group,  Denver,  Colorado,  under  contract 
F0A611-8A-C-0003.  It  was  sponsored  jointly  by  the  Air  Force  and  the  National 
Aeronautics  and  Space  Administration.  Program  management  and  contract 
administration  were  provided  by  the  Air  Force  Astronautics  Laboratory,  Edwards 
Air  Force  Base,  California.  Technical  direction  was  provided  principally  by 
both  the  Astronautics  Laboratory  and  the  Eastern  Space  and  Missile  Center, 
Patrick  Air  Force  Base,  Florida.  The  project  manager  was  Mr.  John  W. 

Marshall,  Air  Force  Astronautics  Laboratory. 

This  manual  is  Intended  to  be  a  source  of  information,  methods  and  data 
useful  to  hazards  analysis  for  space  propulsion  and  space  vehicles.  It  is  not 
intended  to  be  used  as  a  regulatory  document,  nor  is  it  to  be  construed  as  a 
complete,  definitive  and  authoritative  work. 

The  complete  Space  Propulsion  Hazards  Analysis  Manual  (SPHAM)  consists  of 
these  two  volumes  that  are  bound  separately  to  facilitate  their  handling  and 
use  as  reference  material: 

Volume  I  SPHAM  Technical  Chapters 
Volume  II  SPHAM  Appendices 


ACKNOWLEDGEMENTS 


This  manual  reflects  the  work  of  many  dedicated  Individuals  from  Industry 
and  government.  We  wish  to  give  special  recognition  to  those  people  whose 
contributions  helped  to  make  this  manual  a  first  of  its  kind: 

Mr.  Louis  J.  Ullian,  ESHC,  Patrick  AFB,  FL 

Mr.  John  W.  Marshall,  AFAL,  Edwards  AFB,  CA 

Mr.  Bill  Riehl  (retired),  NASA-MSFC,  Huntsville,  AL 

Mr.  John  Atkins,  RTI,  Cocoa  Beach,  FL 

Mr.  Robert  Fletcher,  NASA-JSC,  Houston,  TX 

Mr.  Tom  Kerr  (retired),  NaSA-HQS,  Washington,  DC 

Mr.  Wayne  A.  Frazier,  NASA-HQS,  Washington,  DC 

Mr.  Bobby  R.  Qulsenberry,  GDC,  San  Diego,  CA 

We  also  wish  to  acknowledge  the  following  people  for  their  contributions 
as  Martin  Marietta  employees: 

Mr .  Bob  Lomax 
Mr.  Doug  Banning 
Ms  Gloria  Bradway 
Ms  Kate  McCarthy 


Mr.  Rich  Barthelow 
Mr.  Ed  Kirk 
Mr.  Art  Major 
Mr.  Joe  Mangino 


iii 


SPHAM  TABLE  OF  CONTENTS 


Chapter  1 
Chapter  2 
Chapter  3 
Chapter  4 
Chapter  5 
Chapter  6 
Chapter  7 
Chapter  8 
Chapter  9 

Appendix  A 
Appendix  B 
Appendix  C 


-  Introduction  .  Volume  I 

-  Requirements  and  the  Hazards  Analysis  Process  ....  Volume  I 

-  Accident  Scenarios  .  Volume  I 

-  System  Failure  Probabilities  .  Volume  I 

-  Post  Accident  Environments  .  Volume  I 

-  Hazards  Analysis  Methods  .....  .  Volume  I 

-  Risk  Assessment  . . . . .  Volume  I 

-  Hazards  Analysis  and  Safety  Approval  .  Volume  I 

-  Index,  Glossary,  Acronyms  and  Conversion  Factors  .  .  .  Volume  I 

-  Annotated  Bibliography  .  Volume  II 

-  Summary  of  Hazardous  Materials  .  Volume  II 

-  System  Descriptions  .  .  .  Volume  II 


Appendix  A 

Annotated  Bibliography 


APPENDIX  A 


ANNOTATED  BIBLIOGRAPHY 

TABLE  OF  CONTENTS 

Page 


FORWARD . 11 

SYMBOLS  AND  ABBREVIATIONS  .  Ill 

ANNOTATED  BIBLIOGRAPHY  .  1 

CROSS-REFERENCE  MATRIX  .  154 


ACKNOWLEDGEMENTS 


We  would  like  to  thank  the  following  for  their  contribution  of  document 
reference  lists  and/or  Information  (documents,  memoranda  or  notes)  from 
their  personal  files:  Mr.  Tom  Kerr  from  NASA  Headquarters,  Mr.  Robert 
Brown  and  Mr.  Bob  Fletcher  from  Johnson  Space  Center,  NASA;  Mr.  Wilbur 
Rlehl  from  Marshall  Space  Flight  Center,  NASA;  Capt.  Betschart  from  Space 
Division,  USAF;  Mr.  William  Riley  from  WSMC  Vandenberg  Air  Force  Base;  Mr. 
Louis  Ulllan  from  ESMC  Patrick  Air  Force  Base;  Mr.  John  Marshall  from  AFAL 
(formerly  AFRPL)  Edwards  Air  Force  Base;  Dr.  Walter  Queen  and  his 
colleagues  from  the  DOD  Explosive  Safety  Board;  and  Dr.  Jerry  Ward  and  Dr. 
Michael  Swlsdak,  Jr.,  from  the  Naval  Surface  Weapons  Centei  (NSWC). 


1 


* 


APPENDIX  A 
FOREWORD 


This  annotated  bibliography  documents  are  hazard  analysis  and  failure  mode 
data  obtained  from  an  extensive  literature  search  and  field  survey  of  the 
rocket  propulsion  and  aerospace  community.  The  acquired  data  provides 
Information  on  the  potential  hazard  environment  and  the  credible  failure 
scenarios  associated  with  space  vehicle  liquid  and  solid  propellant  systemr 
and  subsystems.  Each  bibliography  entry  has  a  reference  number,  rank, 
reference  Ider.tlflcatlon  and  reference  application. 

The  reference  number  Is  the  number  assigned  to  the  document  for  listing  In 
the  bibliography. 

Rank  Is  a  number  from  a  system  that  ranks  each  document  from  1  to  10, 
where  10  Is  the  material  most  relevant  to  the  SPHAM  program. 

The  reference  Identification  Is  Intended  to  provide  all  Information 
necessary  to  obtain  the  document;  e.g.,  title,  author,  organization,  document 
number,  date  and  AD  number.  If  available.  The  reference  Identification  Is 
most  complete  for  technical  reports.  Journal  articles,  seminar  minutes  and 
conference  proceedings.  It  Is  less  complete  for  personal  memoranda,  vlewgraph 
presentations  and.  In  some  cases,  material  abstracted  from  documents  without  a 
reference. 

The  reference  application  Includes: 

1)  a  brief  description  of  the  doctuaent; 

2)  list  of  the  hazardous  isaterlals  that  are  discussed; 

3)  description  of  the  failure  scenarios; 

4)  type  of  post-accident  environment  that  Is  discussed;  e.g.,  blast, 
fire,  fragmentation,  toxicity  or  acoustics; 

5)  methodology  used  for  failure  mode  analysis  (quantitative  or 
qualitative) ; 

6)  the  location  (or  person)  from  which  the  reference  document  was 
obtained,  and 

7)  the  Initials  of  the  person  that  reviewed  the  document. 

A  cross-reference  matrix  provides  a  ready  tool  to  Identify  the  documents 
that  contain  Information  on  specific  vehicles,  hazardous  materials  and 
post-accident  environments.  Each  document  Is  Identified  by  Its  reference 
number  that  corresponds  to  Its  entry  In  the  Annotated  Bibliography.  The  rank 
or  value  rating  of  the  document  Is  also  listed.  Note  that  this  matrix 
summarizes  vehicles,  and  marks  with  an  "X"  Information  on  hazardous  materials, 
and  post-accident  environments.  Failure  scenarios  and  methodologies  are 
obtained  from  the  annotated  bibliography  entries  themselves. 
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APPENDIX  A 


SYMBOLS  AND  ABBREVIATIONS 

The  following  symbols  and  abbreviations  are  used  In  the  annotated 
bibliography  and  the  cross-reference  matrix. 


ANNOTATED  BIBLIOGRAPHY 


Ref  No. 

Reference  Number 

TRS 

a 

Teleoperator  Retrieval 

NA 

Not  Applicable 

System 

NI 

Not  Identified 

USAF 

- 

United  States  Air  Force  Base 

*/0 

Internal  Audit  Symbols 

VAFB 

- 

Vandenberg  Air  Force  Base 

AFAL 

Air  Force  Astronautics  Lab 

WSMC 

- 

Western  Space  and  Missile 

AFRPL 

Air  Force  Rocket  Propulsion 
Laboratory 

Center 

A-50 

Aerozlne  SO 

DOD 

Department  of  Defense 

CROSS-REFERENCE  MATRIX 

DSP 

Defense  Systems  Program 

DSCS 

Defense  Satellite 

X 

■1 

Item(s)  included  in  Document 

Communications  Systems 

RK 

■1 

Rank 

DTIC 

Defense  Technical  Information 

DOC 

m 

Document 

Center 

He 

m 

Helium 

FMEA 

Failure  Modes  and  Effect 

N2 

■ 

Nitrogen 

Analysis 

LHe 

m 

Liquid  Helium 

GIDEP 

Government  Industry  Data 

LH2 

m 

Liquid  Hydrogen 

Exchange  Package 

LOX 

m 

Liquid  Oxygen 

GPS 

Global  Positioning  System 

Sl.l 

m 

Solid  1.1  (7) 

ICBM 

Intercontinental  Ballistics 

SI. 3 

m 

Solid  1.3  (2) 

Missile 

N2H4 

m 

Hydrazine 

ISPM 

International  Solar  Polar 

UDMH 

m 

Unsymmetrlcal  Dimethyl 

Mission 

Hydrazine 

lUS 

Inertial  Upper  Stage 

MMH 

m 

Monomethyl  Hydrazine 

JANNAF 

Joint  Army  Navy,  NASA, 

N2O4 

m 

Nitrogen  Tetroxlde 

Air  Force 

NH3 

m 

Ammonia 

JSC 

Johnson  Space  Center 

COo 

m 

Carbon  Dioxide 

KSC 

Kennedy  Space  Center 

CO 

m 

Carbon  Monoxide 

LH2 

Liquid  Hydrogen 

H202 

m 

Hydrogen  Peroxide 

LO2 

Liquid  Oxygen 

LF2 

m 

Liquid  Fluorine 

MMH 

Monomethyl  Hydrazine 

LCH4 

■ 

Liquid  Methane 

MMU 

Manned  Maneuvering  Unit 

NF3 

m 

Nitrogen  Trlfluorlde 

N2O4 

Nitrogen  Tetroxlde 

Hg 

m 

Mercury 

N2H4 

Hydrazine 

RTG 

m 

Radioisotope 

NASA 

National  Aeronautics  and 

Thermoelectric  Generator 

Space  Administration 

A50 

m 

Aerozlne  50 

OTV 

Orbit  Transfer  Vehicle 

TNT  EQ 

m 

TNT  Equivalent 

PAM-D 

Payload  Assist  Module-Delta 

BLST 

m 

Blast 

Type 

FRGMNT 

■1 

Fragment 

RTG 

Radlolsotrope  Thermoelectric 

TOXIC 

m 

Toxicity 

Generator 

ACOUST 

■ 

Acoustics 

SPHAM 

Space  Propulsion  Hazard 
Analysis  Manual 

SRB 

Solid  Rocket  Booster 

SRM 

Solid  Rocket  Motor 

STS 

Space  Transportation  System 

T1»S 

Tracking  and  Data  Relay 

Satellite 

TOS  *  Transfer  Orbit  Stage 
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Ranked  1-10  according  to  Pertinence  of  data  (Preliminary  Evaluation) 
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Ranked  1-10  according  to  Pertinence  of  data  (Preliminary  Evaluation) 
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CHAPTER  B1 
INTRODUCTION 


BI.l  PURPOSE 
Bl.1.1  Purpose 

This  Appendix  is  Intended  to  provide  general  information  to  those  responsible 
for  minimizing  the  hazards  associated  with  the  handling,  storage,  use  and 
transportation  of  liquid  propellant  and  solid  propellants,  and  to  those 
responsible  for  the  design  of  systems  and  operations  which  use  them. 

Bl.1.2  Scope 

Information  contained  in  this  document  baa  been  prepared  to  assist  Federal  and 
Military  Departments,  Agencies  and  contractors  in  the  design  of  systems  and 
operations  which  include  chemical  liquid  and  solid  propellants.  The  user  is 
hereby  forewarned  that  the  applicability  of  the  information  to  any  specific 
location,  situation  or  operation  depends  upon  proper  interpretation  by  experts 
in  the  fields  of  chemical  propulsion  and  safety  engineering. 

B1.2  BACKGROUND 

The  data  of  this  document  were  extracted  primarily  from  CFIA  (Chemical 
Propulsion  Information  Agency)  Publication  39A,  Hazards  of  ChemieaL  Rockets 
and  Propellants,  Voltsnes  II  and  III,  September  1984.  Exceptions  to  this  will 
be  specifically  identified. 

B1.3  AEELlCABILIir 

This  manual  is  intended  as  a  source  of  information  and  as  a  general  guide  for 
Federal  Departments,  Agencies  and  contractors  to  assist  them  in  understanding 
the  hazardous  nature  of  chemical  liquid  and  solid  propellants.  Specific 
design  or  analysis  efforts  should  include  review  of  CPIA  394  or  the  references 
provided. 

B1.4  LIQUID  MATERIAL  CLASSIFICATION  TABLE 

Information  on  liquid  propellants,  explosives  and  propellant  Ingredients  are 
included  in  Figure  Bl-1.  The  table  consists  of  the  material  name,  its  formula 
and  any  synonyms  or  comson  names.  For  each  material  the  storage  compatibility 
group  assigned  by  the  DOD  is  listed,  the  explosive  hazard  class,  the  National 
Fire  Protection  Agency  hazard  identification  classification  for  health, 
f lasssability  and  reactivity,  the  DOT  classification  and  labeling  requirements, 
the  United  Nations  and  Chemical  Abstract  numbers,  and  the  EPA  (RCRA) 
classification.  These  classification  systems  are  described  below: 

Bl.4.1  Storage  Coanatibllitv  Group 

To  assure  a  high  degree  of  safety  in  aasnoiitlon  storage,  a  system  to  classify 
materials  according  to  characteristics  such  as  chemical  and  physical  - 
properties,  quantity-distance  criteria,  sensitivity  and  other  factors  was 
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developed.  Dieeimiler  aeteriele  ere  separated  and  stored  in  a  safe  nanner. 
Seven  Storaifc  CoMpatlbility  Groups  (3CG)  have  been  developed  and  arc  described 
in  CPIA  39A,  Appendix  C.  The  SCG  for  each  Mterial  is  presented  in  Figure 
Bl-1. 

Bl.4.2  gxDloaiva  Hasarda  Class 

The  BOD  has  n.  hasard  classification  procedure  vhich  assigns  a  group  nuaber  to 
denote  the  types  and  degrees  of  hasards  other  than  the  cheaical  coapatibility 
of  the  liquid  propellants.  This  classification  systaei  is  described  in  CPIA 
39<i(  Appendix  D. 

Bl.4.3  NFi?A  Hasard  Identification 

The  National  Fire  Protection  Association  has  developed  a  general 
classification  aysten  to  describe  the  inherent  hasards  of  various  chesicals 
and  the  order  of  severity  of  these  hasards  under  esmrgency  conditions.  The 
order  of  severity  of  each  hasard  is  indicated  by  use  of  five  nuawrical 
gradings  ranging  from  k  (indicating  a  severe  or  extreme  danger)  to  0 
(indicating  no  hasard). 

Tb.e  following  paragraphs  froa  the  National  Fire  Code  (Reference  1)  siiswiarise 
the  definitions  of  the  nusibers  in  each  hasard  category  and  explain  what  a 
nuaber  should  tell  fire  fighting  personnel  about  protecting  thenselves  and  how 
to  fight  fires  where  the  hasard  exists. 

Bl.4.3.1  flfiAllh 

Level  4.  A  few  sniffs  of  the  gas  or  vapor  could  cause  death;  or  the  gas, 
vapor,  or  liquid  could  be  fatal  on  penetrating  the  fire  fighters'  noraal  full 
protective  clothing  which  is  designed  for  resistance  to  heat.  For  aost 
chealcals  having  a  Sealth  4  rating,  the  norawl  full  protective  clothing 
available  to  the  average  fire  departaent  will  not  provide  adequate  protection 
against  akin  contact  with  these  aaterials.  Only  special  protective  clothing 
designed  to  protect  against  the  specific  hasard  should  be  worn. 

Level  3.  Materials  extremely  hasardous  to  health,  but  areas  nay  be  entered 
with  extreme  care.  Full  protective  clothing,  including  self-contained 
breathing  apparatus,  rubber  gloves,  bocta  and  bands  around  legs,  arsM  and 
waist  should  be  provided.  No  skin  surface  should  be  exposed. 

Level  2.  Materials  hasardous  to  health,  but  areas  siay  be  entered  freely  with 
self-contained  breathing  apparatus. 

Level  1.  Materials  that  are  slightly  hasardous  to  health.  It  nay  be 
desirable  to  wear  self-contained  breathing  apparatus. 

Level  0.  Materials  which  on  exposure  under  fire  conditions  would  offer  no 
health  hazard  beyond  that  of  ordinary  conbustible  naterial. 
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Bl.4.3.2 

Levsl  4.  Very  flaruable  gases «  very  volatile  flaanable  liquids •  and  materials 
chat  in  the  form  of  dusts  or  mists  readily  form  explosive  mixtut’>s  when 
dispersed  in  air.  Shut  off  flow  of  gas  or  liquid  and  keep  cooling  water 
streams  on  exposed  tanks  or  containers.  Use  water  spray  carefully  in  the 
vicinity  of  dusts  so  as  not  to  create  dust  clouds. 

Level  3.  Liquids  which  can  be  ignited  under  almost  all  normal  temperature 
conditions.  Water  may  be  ineffective  on  these  liquids  because  of  their  low 
flash  points.  Solids  which  form  coarse  dusts,  solids  in  shredded  or  fibrous 
form  that  create  flash  fires,  solids  that  burn  rapidly,  usually  because  they 
contain  their  own  oxygen,  and  any  oiaterial  that  ignites  spontaneously  at 
normal  temperatures  in  air. 

Level  2.  Liquids  which  must  be  moderately  heated  before  ignition  will  occur 
and  solids  that  readily  give  off  flammable  vapors.  Water  spray  may  be  used  to 
extinguish  the  fire  because  the  material  can  be  cooled  to  below  its  flash 
point. 

Level  1.  Materials  that  must  be  preheated  before  ignition  can  occur.  Water 
may  cause  frothing  of  liquids  with  this  f lanmability  rating  number  if  it  gets 
below  the  surface  of  the  liquid  and  turns  to  steam.  However,  water  spray 
gently  applied  to  the  surface  will  cause  a  frothing  which  will  extinguish  the 
fire.  Most  combustible  solids  have  a  f lanmability  rating  of  1. 

Level  0.  Materials  that  will  not  bum. 

Bl.4.3.3  RfiaC.tiY.ity 

Level  4.  Materials  which  in  themselves  are  readily  capable  of  detonation  or 
of  explosive  decomposition  or  explosive  reaction  at  normal  temperatures  and 
pressures.  Includes  materials  which  are  sensitive  to  mechanical  or  localized 
thermal  shock.  If  a  chemical  with  this  hazard  rating  is  in  a  advanced  or 
massive  fire,  the  area  should  be  evacuated. 

Level  3.  Materials  which  in  themselves  are  capable  of  detonation  or  of 
explosive  decomposition  reaction  but  which  require  a  strong  initiating  source 
or  which  must  heated  under  confinement  before  initiation.  Includes  materials 
which  are  sensitive  to  thermal  or  mechanical  shock  at  elevated  temperatures 
and  pressures  or  which  react  explosively  with  water  without  requiring  heat  or 
confinement.  Fire  fighting  tihould  be  done  from  an  explosion-resistant 
location. 

Level  2.  Materials  which  in  themselves  are  normally  unstable  and  readily 
undergo  violent  chemical  change  but  do  not  detonate.  Includes  materials  which 
can  undergo  che.iilcal  change  with  rapid  release  of  energy  at  normal 
temperatures  and  pressure  or  which  can  undergo  violent  chemical  change  at 
elevated  temperatures  and  pressures.  Also  includes  those  materials  which  may 
react  violently  with  water  or  which  may  form  potentially  explosive  mixtures 
with  water.  In  advanced  or  massive  fires,  fire  fighting  should  be  done  from  a 
protected  location. 
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Level  Materlels  which  in  themeelves  ere  nomelly  stable  but  which  My 
t^6e(»!a  unstable  at  elevated  temperatures  and  pressures  or  which  My  react  with 
water  with  aoM  release  of  energy  but  not  violently.  Caution  must  be  used  in 
approaching  the  fire  and  applying  water. 

Level  0.  Materials  which  are  nonsally  stable  even  tmder  fire  exposure 
conditions  and  which  are  not  reactive  with  water.  Nonal  fire  fighting 
procedures  My  be  used. 

Bl.4.4  DOT  Classification 

The  Department  of  Transportation  has  established  a  hasards  classification 
system  for  regulated  Mterlals  and  requires  special  colorcoded  labeling  on 
packages  containing  these  Mteriels.  The  following  descriptions  are  used. 
These  classifications  of  specific  Mterlals  are  found  in  49  CFR  172.101  and 
172.102  (Reference  2). 

Explosives  Class  A,  B  or  C 
Flamnable  gas 
Non->f  lasmabie  gas 
Flasuable  liquid 
Flaaswble  solid 
Oxidizer 
Poison  A  or  B 
Radioactive  Mterlal 
Corrosives 

Irritating  substances 

Other  Regulated  Material  A.  B,  C»  Dor  E 

Combustible  liquid  or  solid 

Forbidden 

Bl.4.5  United  NaH»"«  Mi— hT  anH  Chemical  Abstract  Reyistrv  Number 

The  United  Nations  (UN)  has  developed  a  serial  number  system  to  describe 
specific  Mterlals.  This  number  is  required  on  all  packages  containing 
regulated  Mterlal.  A  complete  listing  of  these  codes  is  available  in 
"Transport  of  Dangerous  Goods"  published  by  the  United  Nations  (Reference  3). 
Those  numbers  preceded  by  a  "UN"  are  associated  with  descriptlonn  considered 
appropriate  for  international  shipments  as  well  as  domestic  shipoMsnts.  Those 
preceded  by  an  "NA"  are  associated  with  descriptions  that  arc  not  recognised 
for  international  shipswnts.,  except  to  and  from  Canada.  If  an  Identification 
number  is  in  the  "NA9000"  series,  it  is  either  associated  with  the  description 
or  a  Mterlal  that  is  not  appropriately  covered  by  international  hazardous 
Mterlals  (dangerous  goods)  shipping  standards  or  not  appropriately  addressed 
by  such  standards  for  emergency  response  infoiMtion  purposes,  except  for 
transportation  between  the  United  States  and  Canada. 

Chemical  Abstracts  maintains  a  registry  system  for  chemicals  that  assigns  a 
unique  number  to  specific  chemicals  and  chemical  compounds.  Specific 
infonnatlon  on  the  chemical  or  compound  can  be  referenced  through  use  of  the 
registry  number. 
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Bl.4.6  RCRA  ClaMlfieatloiia  and  Reportable  OuiintUlwB 


In  Figure  Bl-l,  Column  8,  code  letters  and  limits  are  listed,  that  describe 
the  waste  category  of  a  material  as  established  by  the  Environmental 
Protection  Agency  under  the  Resource  Conservation  and  Recovery  Act  (RCRA)  of 
1976. 

RCRA  Class  has  six  categories  established  and  are  identified  by  letter  codes. 
The  tests  and  conditions  which  are  used  to  classify  wastes  as  hazardous  are 
detailed  in  AO  CFR  261.20  through  261.33  and  susmiarized  below  (Reference  A). 

a.  Code  I  -  Ignitable  Waste.  A  waste  with  the  characteristic  of 
Ignitability  is: 

(1)  a  liquid  with  a  flash  point  less  than  333  K  (1A0*F) 

(2)  not  a  liquid,  but  is  capable  of  causing  fire 

(3)  an  Ignitable  compressed  gas  as  defined  in  A9  CFR  173.00,  or 

(A)  is  an  oxidizer  as  defined  in  A9  CFR  173.151. 

Ignitable  wastes  are  given  an  EPA  hazardous  waste  number  of  DOOl 
unless  it  is  listed  in  Subpart  D  of  AO  CFR  261. 

b.  Code  C  -  Corrosive  Waste.  A  waste  with  the  characteristic  of 
corrosivity  has  a  pH  less  than  2  or  greater  than  12.5  or  is  a 
liquid. 

c.  Code  R  -  Reactive  Waste.  The  characteristic  of  reactivity  is 
present  if  the  solid  waste  is: 

(1)  Normally  unstable  and  undergoes  violent  change  without 
detonating,  or 

(2)  reacts  violently  with  water,  or 

(3)  forms  potentially  explosive  mixture  with  water 

(A)  generates  toxic  gases,  vapors  or  fumes  when  mixed  with  water, 
or 

(5)  is  a  cyanide  or  sulfide  which  generates  toxic  gases,  vapors  or 
fumes  upon  exposure  to  a  pH  of  less  than  2  or  greater  than  12.5 

(6)  is  capable  of  detonation  or  explosive  reaction  when  initiated 
or  heated  in  confinement,  or 

(7)  is  capable  of  detonation  or  explosive  charge  at  standard 
temperature  and  pressure,  or 

(8)  it  is  a  Class  A  or  B  explosive. 
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Reae*:lve  solid  wastes  aie  given  an  EPA  Haeardous  Waste  nunber  of 
D003. 

d.  Code  E  -  EP  Toxic  Waste.  The  characteristic  of  EP  toxicity  is 
present  in  a  waste  whose  exenpt  quantity  contains  aore  than 
prescribed  aieounts  of  specified  netals  or  organic  compounds.  The 
BMterials,  limits  and  haxardous  waste  numbers  are  given  in  Figure 
Bl~l  or  40  CFR  261.24. 

e.  Code  T  -  Toxic  Waste.  Wastes  are  considered  acutely  toxic  or  toxic 
by  listing  in  a  series  of  Tables  in  40  CFR  261.30-261.33.  These 
tables  are  also  used  to  define  the  limits  of  exclusion  for  a  site 
and  contain  the  haxardous  waste  numbers  for  the  compounds  in  the 
table. 

f.  Code  H  -  Acute  Hazardous  Waste. 
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Figure  Bl-1  Liquid  Propellant,  Explosives  and  Propellant  Ingredients 

Classifications  (continued) 
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Classifications  (continued) 
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CHAPTER  B2 

HYDROCARBON  FUELS  (RP-1.  METHANE) 


B2.1  PROPERTIES 
B2.1.1  Identification 

A  list  of  the  hydrocarbon  fuels  discussed  in  CPIA  394  is  given  in  Table  B2~l, 
with  the  pertinent  ailitary  specifications.  In  this  Appendix  to  SPHAM,  the 
physical  properties  for  RP-1  and  methcne  only  are  provided. 

In  this  chapter*  the  phrase  ''liquid  hydrocarbon  fuel"  refers  to  those 
hydrocarbon  fuels  which  are  liquid  at  ambient  temperatures  RP-1  is  included. 
The  phrase  "cryogenic  fuel"  refers  to  liquid  methane  which  is  a  gas  at  ambient 
temperatures  and  requires  refrigeration  for  storage  as  a  liquid.  Ethylene  is 
a  liquified  compressed  gas.  The  phrase  "hydrocarbon  fuel"  is  applied  to  all 
the  fuels  identified. 

B2.1.2  General  Appearance 

All  of  the  liquid  hydrocarbon  fuels  are  clear  liquids  ranging  in  color  from 
waterwhlte  to  a  very  pale  yellow. 

Methane  and  ethylene  are  colorless  gases  at  ambient  conditions  (References  1 
and  2).  Liquified  fuels  boll  vigorously  at  aad>ient  temperature  and  pressure* 
creating  a  voluminous  cloud  of  condensed  water-fuel  vapor.  Liquid  methane  is 
the  primary  constituenv  of  liquefied  natural  gas*  LNG. 

B2.1.3  Physical  and  Chemical  Proportias 

The  specifications  listed  in  Table  32-1  require  that  hydrocarbon  fuels  "shall 
consist  entirely  of  hydrocarbon  compounds*"  with  certain  additives  permitted. 
The  JP-5  and  RF  fuels  may  be  described  as  high-boiling  kerosene  fractions*  and 
JF-4  as  a  wide  cut  containing  both  kersene  and  gasoline  fractions.  RJ-4  is 
also  known  as  Tetra-dimethylcyclopentadiene  or  TU-dimer.  Hydrocarbon  fuels 
vary  greatly  in  volatility. 


B2. 1.3.1  Physical  Properties  -  The  physical  properties  of  RP-1  methane  ere 
given  in  Figures  B2-1  cmd  B2-2,  respectively. 

B2.1.3.2  Solubility  -  All  of  the  hydrocarbon  fuels  are  insoluble  in  water. 
They  are  soluble  in  many  organic  solvents  and  are*  themselves,  excellent 
solvents  for  many  organic  materials. 

B2. 1.3-3  Stability  -  These  fuels  are  chemically  stable  and  insensitive  to 

shock.  They  are  stable  over  a  wide  range  of  storage  temperatures;  exposure  to 
high  temperatures  accelerates  the  formation  of  gum  and  sediment. 

B2. 1.3.4  Reactivity  -  Some  hydrocarbon  fuels  react  violently  under  strong 
oxidizing  conditions  or  at  extremes  of  pressure  and  temperature.  They  are 
flamnable  at  ambient  conditions  and  their  vapors  form  explosive  mixtures  with 
air.  Ethylene  is  the  most  reactive  hydrocarbon  fuel;  it  can  react  explosively 
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with  strong  oxidisers.  Other  hydrocarbon  fuels  may  also  react  violently  with 
strong  oxidisers  at  specific  operating  conditions.  The  flashpoint  of  the  fuel 
is  an  indicator  of  the  order  of  reactivity. 

B2.1.3.5  gnvlrnwiaantal  -  Hydrocarboos  contaminate  the  air,  water,  land 

and  sediments  through  disposal  of  waste  by-products  from  manufacturing,  spills 
or  leaks  during  transportation,  use  or  storage  and  as  chemical  transformation 
by-products  during  and  after  disposal  (Reference  3).  The  siajor  sources  of 
airborne  hydrocarbons  in  the  stmosphcrs  io  from  autcaobil«:s  and  indtuitrial 
processes . 

Airborne  hydrocarbons  resist  washout  and  undergo  photochemical 
transformations.  Nonaromatic  hydrocarbons  decompose  in  water;  aromatic 
hydrocarbons  are  relatively  peraJ stent  (References  4  and  5).  Some  exchange  of 
hydrocarbons  between  air  and  water  occurs,  dependent  on  the  hydrocarbon, 
temperature,  mixing  rates,  turbulence,  water  quality,  and  concentrations. 

In  soil,  hydrocarbons  are  degraded  by  soil  organisms  or  evaporate.  Recent 
data  indicates  that  aocre  migration  of  the  water  table  siay  occur  (Reference  6). 

B2.2  BAZAm 

B2.2.1  Health  Hazards 

B2.2.1.1  Toxicity  -  The  hydrocarbon  fuels  are  moderate  skin-irritants; 
repeated  contact  can  cause  scaling  and  fissuring  of  skin  and,  rarely, 
blistering  (Reference  7). 

Inhalation  of  aliphatic  hydrocarbon  vapors  can  cause  narcosis;  however,  the 
moat  severe  hazards  occur  if  they  are  ingested.  Aliphatic  hydrocarbons  are 
not  especially  toxic;  however,  gasping  while  swallowing  or  aspiration  from 
vomiting  can  introduce  the  liquid  into  the  lungs  and  cause  chemical 
pneusionltis . 

Liquid  hydrocarbon  fuels  with  a  high  aromatic  content  are  swre  toxic. 

Exposure  to  aromatic  components,  such  as  benzene,  can  cause  toxic  effects  on 
blood-forming  tissues.  At  this  time  no  arosiatics  have  been  demonstrated 
harmless  although  some,  such  as  benzene,  are  considered  more  toxic  than  others. 

The  cryogenic  fuels  have  low  toxicity  and  their  health  hazards  are  related  to 
their  low  temperatures  and  asph3rxiant  potential.  N-bexane,  often  a  major 
component  of  JP-4  and  possibly  JP-5  (though  less  likely),  can  cause  motor 
neuropathy  to  exposed  workers  when  inhaled. 

B2.2.1.2  Exposure  Limits  -  Exposure  limits  for  the  liquid  hydrocarbon  fuels 
are  composition  dependent.  TLVs  for  fuels  not  containing  arosuitlc 
hydrocarbons  are  higher  -  usually  500  ppm  or  more,  while  those  for  the 
aromatic  hydrocarbons  toluene  and  xylene  are  100  ppm.  The  TLV  for  benzene  la, 
at  10  ppm,  the  lowest.  Values  for  mixtures  may  be  derived  as  described  in 
Appendix  C.l  cf  Reference  8. 
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Table  B2-1  Identification  of  Hydrocarbon  Fuels 


NAME 

SPECIFICATION 

FUEL: 

Aircraft  Turbine  and  Jet  Engine,  Thermally 
Stable 

M1L-F-2552L 

Coapreseion  Ignition  and  Turbine  Engine 

MII-F-46005 

Multipurpose,  Antarctic  MP-1 

Ramjet  Engine,  Grade  RJ-l 

MIL-F-23188 

Ran jet  Engine,  Grade  RJ-4 

Ramjet  Engine,, GrAde  RJ-5 

M1L-F-J2522 

JET  FUEL: 

Grades  JF-4  and  jP-5  (Turbine  Fuel,  Aviation) 
Grade  JP-6  (Jet  Fuel) 

MIL-T-5624 

Grade  JP-7 

MIL-T-38219A 

Grade  JP-8 

M1L-T-83133A 

Grade  JP-9 

MIL-P-87107B 

Grade  JP-10 

MIL-P-87107B 

Grades  I  and  II  (Jet  Fuel,  Referee) 

MlL-J-5161 

ROCKET  FUEL: 

RP-1  (Propellant,  Kerosene) 

MIL-P-25576 

OTHER: 

Methane 

Ethylene 

Exposure  limits  for  cryogenic  fuels  are  set  at  10  percent  of  their  lower 
explosion  liisite  (LELs)  in  ai:;  to  mitigate  hazards  of  fire  and  explosion  (See 
Section  B2.3.6).  Concentrations  in  air  of  one  percent  or  lower  for  methane 
and  0.6  percent  for  ethylene  are  recommended. 

Specific  Emergency  Exposure  liirits  also  are  composition  dependent  for 
hydrocarbon  fuels;  operational  limits  will  be  defined  by  the  safety  officer, 
industrial  hygienist  and  other  cognizant  personnel  (Reference  9). 

B2.2.2  Fire  and  Cwabostion  Product  Hazards 

Hydrocarbon  fuel  vapors  readily  form  ignitable  mixtures  with  air.  The 
ignition  hazard  of  the  fuels  varies  with  temperature  and  fuel.  Toxic  products 
can  be  produced  in  a  fuel  rich  fire.  The  figures  at  the  end  of  this  chapter 
give  temperature  ranges  over  which  the  fuels  form  vapors  that  can  bum  or 
explode . 

B2.2.3  Explosion  Hazards 

Hydrocarbon  fuel  vapors  can  form  explosive  mixtures  with  air. 

If  hydrocarbon  fuels  and  rocket  oxidizera  are  spilled  and  they  or  their  vapors 
mix,  the  resultant  mixtures  can  be  exploded  by  mechanical  shock,  heat,  or 
spark. 

B2.2.4  Environmental  Effects 

The  principal  environmental  effects  of  hydrocarbons  are  in  air  and  are 
associated  with  their  conversion  in  the  presence  of  light  and  nitrogen  oxides 
to  photochemical  oxidants.  These  oxidants  are  responsible  for  the  plant 
damage  and  eye  irritation  associated  with  smog.  Since  methane  is  not 
photochemically  active,  hydrocarbon  emission  standards  are  divided  into 
methane  and  non-methane  hydrocarbon  emissions. 

B2.3  RESERVED 

B2.4  RESERVED 

B2.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 
B2.5.1  Materials 

Except  for  cryogens  the  prime  consideration  is  choosing  materials  for  use  with 
hydrocarbon  fuels  is  related  to  their  solvent  action  on  niost  organic  matter. 
Corrosion  associated  with  hydrocarbon  fuels  at  ambient  temperatures  is 
negligible  for  storage  and  handling  of  liquids.  Limitations  which  should  be 
observed  are  outlined  in  this  section. 

B2. 5.1.1  Metals  -  Common  ferrous  and  non-fsrrous  alloys  are  suitable  for  the 

fabrication  of  containers  (fixed  or  mobile  drums  and  tanks),  associated  piping 
and  fittings,  pumping  equipment,  valves,  and  other  metal  parts.  Long  term 
storage  of  hydrocarbon  fuels  may  require  special  consideration  of  compatible 
metal  containers  and  associated  equipment  or  parts. 
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B2.5.1.2  Non-Metals  -  Lifted  below  ate  some  of  the  reconmended  and 
prohibited  uonHoetala: 


Table  B2-2  Material  Coapatibility 


RECOfMENDED 

PROHIBITED 

Cork,  or  paper  gasket 
materials  designed  for 
this  service 

Nitrile,  Buna  N,  or  NBR 
Fluorocarbons  (Teflon, 

Kel— F ,  Halon  TFC , 

Fluorel,  Vlton) 

Fluorosil leone,  or  LS 
(for  static  operations) 
Polyamides 

Polyethylene 

Polyurethane  (high  tensile 
strength,  shock  loads), 
or  Adeprene,  Cyanoprene, 
Formrex 

Neoprene  (especially  good 
in  refrigeration  systems) 
Vinyls 

Vamac,  or  Ethylene  Acrylate 
(excellent  resistance  to 
oxidation) 

Acrylics 

Polyisobutylenes 
Polyurethane,  soften  at 
high  temperatures 
Methylene  Propylene,  or 
Nordel,  Epear, 

Vistalon,  Spsyn,  Royalene 
Natural  Rubber 

Synthetics,  other  than 
those  listed  as  iisable 

B2.5.1.3  Lubricants  ->  Graphite-base,  oolybdenumdisulfide,  some  silicone  and 
fluorocarbon  lubricants  may  be  used. 

Since  hydrocarbon  fuels  are  excellent  solvents  for  most  organic  matter, 
petroleum  lubricants  are  not  recommended. 

B2.S.2  Equipment 

B2.5.2.1  Containers  -  Hydrocarbon  fuels  are  drummed  or  stored  in  tanks  of 
approved  design  and  construction,  which  may  be  either  penaanent  or 
transportable.  See  1X}T  regulations  for  container  requirements.  Portable 
containers  should  be  gas-tight  (See  Venting,  Section  B2.5.2.8). 

B2.5.2.2  Pumps  -  Since  storage  tanks  in  this  service  are  usually  built  with 
bottom  outlets,  standard  centrifugal  pumps  may  be  used.  Permanently  installed 
pumps  in  main  storage  systems  may  also  be  equipped  with  a  liquid  reservoir  to 
serve  as  a  primer  for  the  pump  used  to  empty  tank  cars,  trucks,  dr\ims,  etc., 
not  equipped  with  bottom  outlets. 

Only  pumps  specifically  designed  and  qualified  by  tests  should  be  used  for 
cryogenic  liquids. 
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B2.5.2.3  Lifhtfl  -  Temporary  portable  extension  cords  with  lights »  used  In 
inspecting  the  Interior  of  containers,  should  be  of  a  type  approved  by  the 
Bureau  of  Nineo. 

Flash  lights  or  storage  battery  lamps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  Bureau  of  Mines,  or  as  accepted  by  the  current 
edition  of  the  National  Electrical  Code  (Reference  23). 

B2.5.2.4  Pipes  and  Fittings  -  Pipes  and  fitting  should  be  made  of  approved 
materials  (See  Section  B2.5.1),  and  should  be  hydrostatically  tested. 

Although  threaded  connections  with  the  proper  thread  sealing  compound  are 
permitted  for  this  service,  flanged  or  welded  connections  are  preferred.  Top 
loading  lines  should  extend  into  the  bottom  of  the  tank.  For  cryogen  fuel 
service,  liquid  piping  sections  which  can  be  accidentally  blocked  should  be 
provided  with  small  pressure-relief  valves  discharging  to  the  atmosphere  to 
prevent  destructive  overpressure. 

B2.5.2.5  Hose  and  Gaskets  -  Hoses  used  in  hydrocarbon  fuel  service  may  be 
constructed  of  materials  as  listed  in  Section  B2.5.1.2.  Sasketa  may  be  made 
of  any  of  the  following  materials: 

Coimnercial  cork  or  paper  gasket  material 
Fluorocarbons  (Teflon  Kel-F,  TFE  or  equivalent) 

Neoprene 

Polyethylene 

Roses  for  cryogenic  fuels  should  be  of  a  proper  design  and  engineered 
specifically  for  this  service. 

B;,5.2.6  Pressure  Gages  -  Standard-type  pressure  gages  can  be  used  in 
hydrocarbon  fuel  service.  In  order  to  minimise  operator  reading  errors,  all 
pressure  gages  used  for  a  common  purpose  should  have  identical  scales. 

Liquid  cryogen  equipment  should  be  monitored  with  approved  types  of  pressure 
gauges  aj  required.  Gages  should  be  protected  with  blowout  relief  backs  or 
plugs. 


B2.5.2.7  Valves  -  A  steel  or  TFE  (Teflon  or  equivalent)  plug  va^/e  is 
recommended  as  the  most  suitable  closxure  for  liquid  hydrocarbon  fuels.  Valves 
once  used  for  liquid  hydrocarbon  fuel  service  jmst  not  be  used  in  the  transfer 
or  storage  of  oxidizers  unless  thoroughly  cleaned. 

Valves  must  conform  to  particular  specifications  for  their  use  with  cryogenic 
fuels.  Extended-stem  globe  or  gate-type  valves  are  recommended  but  plug  or 
ball-type  valves  may  be  used.  The  valves  should  be  provided  with  venting 
devices.  Relief  valves  should  preferably  discharge  vertically  upward  above 
the  top  of  the  protected  vessel  through  stacks  that  are  the  same  size  as  the 
outlet  connection  of  the  relief  valve.  Vessels  which  contain  cryogenic  fuels 
should  be  individ’oally  relieved.  However,  where  two  or  more  vessels  are 
connected  by  piping  i^lthout  valves,  the  group  may  be  treated  as  a  whole. 

Relief  valves  should  be  connected  into  the  vapor  space.  The  relief  valve 
setting  should  be  such  as  to  protect  the  vessel  or  vessels  involved  and  should 
be  sized  for  operating  emergencies  or  exposure  to  fire. 
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B2.5.2.8  Vantlflf  Svat— *  and  Pragatif  R«li«f  -  All  opening!  in  the  storage 
sy«teB  should  tensinate  outdoors,  and  should  be  protected  by  approved  flaaie 
arrestors.  Vents  should  bo  sised  according  to  the  specifications  given  in  the 
National  Fire  Codes  (Reference  24).  All  vents  and  preasure-ralief  systens 
will  terminate  at  a  height  uid  location  that  will  give  adequate  protection  for 
personnel  and  buildings.  Vents  on  atsKispheric  tanks  should  be  of  the 
pressure-vacum  type  to  avoid  collapse  of  tanks  when  withdrawing  fuel  and  to 
relieve  pressure  when  filling. 

Relief  valves  should  preferably  discharge  /ertically  upward  above  the  top  of 
the  oiotected  vessel  through  stacks  that  are  the  sasMi  sise  as  the  outlet 
connection  of  the  relief  valve.  Vessels  which  contain  cryogenic  fuels  should 
be  individually  relieved.  However,  where  two  or  smre  vessels  are  connected  by 
piping  without  valves,  the  group  may  be  treated  as  a  wholv.  Relief  valves 
should  be  connected  into  the  vapor  space.  The  relief  valve  setting  should  be 
such  as  to  protect  the  vessel  or  vessels  involved,  and  should  be  sised  for 
operating  eoergeccies  or  exposure  to  fire. 

B2.5.2.9  Grounding  -  Since  hydrocarbon  fuels  are  highly  flaanable,  all 
stationary  or  mobile  tanks  should  be  bonded  and  grounded  to  prevent  fuel 
ignition  by  otatic  electricity.  The  ground  resistance  should  be  monitored 
regularly:  it  should  not  ejcceed  25  ohms. 
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PROFERTY 
Doiiing  Pcint 
FVeesirj  Point 
Deniit.v  (Gu) 
(Liquid) 


Specific  Gritvitjr  -  Vipor 
(relative  to  STP  air) 


Vipor  Pressure 


Coefficient  of 
VIscositjf 


Absolute 


Autoignition  Temperature 


Flash  rVinl,  Closed  Cup  (P>M(I)) 


Flammabilitjr  Range  Lean: 

Rich; 


(l)Pensky-Martin  Closed  Cup 


ENGLISH  UN^YS 
JM .  SJSop 
■40*F 


:.7  •  SJ  Ib/gal 
at6S«P 


42.0 . 4S.&  API 


no®F 

175  -  185'P 


SI  UNITS 
450  •  S47  K 
235  K 


0  .0-  0.«l  Mg/m* 
at  203  K 


0.700  >  0.Mt 


0.20  •  0.8  ptia 
at50*F 

l.4.5.5kPa 
at»3  K 

0.35  •  1.2  piia 
at  IO0*P 

2.4  •  8.3  kPa 
at  311  K 

16.5  centistokes 
at  -30«F 

1.65*  l0-»  m*/* 
at  203  K 

316.5  K 

352.6  -  358  K 


Figure  B2-1  Physical  Properties  of  Rocket  Fuel  RP-1  (Propellant,  Kerosene) 


B2-10 


PROPERTY 

ENGLISH  UNITS 

St  UNITS 

Boiling  Point 

-a.S8.7»F 

111.63  K 

fVef.*ing  Point 

-2«6.S»F 

60.65  K 

Density  (Ou) 

1.57*10-*  Ib/h* 

0.252  kg/m* 

(Liquid) 

3.54  tb/gsl 

St  •2S«,7*F 

0.451  Mg/m* 

St  111.65  K 

Speelftc  Gmvity  •  Vepor 
(rnlktive  to  STP  sir) 

0.554 

St  70*F 

0.554 

St  263  K 

Critical  Density 

1.35  Ib/gs] 

0.163  Mg/m» 

Critical  Pressure 

567  psis 

4.60  MPs 

Critics!  Tempersture 

.116.67*F 

160.555  K 

Vspor  Pressure 

32.5  psis  St  -239*  F 

14.7  psir  .258.7*F 

224.1  kPs  St  123  K 

101.4  kPs  St  111.63  K 

Coefficient  of  Kinemstie 

Viscosity 

0.0252  centistokee 
st68«F 

2.52  X  10-*  m*/t 

St  263  K 

Absolute 

0.0107  centipoisee 

St  77«F 

1.07*  10-*  Ps  * 

St  268  K 

Autoignitkn  Tempersture 

580*F 

810  K 

Flesh  Paint 

•30S«F 

85.6  K 

FIsmmsbility  Limits  Lower: 

Upper: 

5  voi  %in  sir 

14  vol  “^in  sir 

lgur«  B2~2  Physical  Properties  of  Methane  (HWMl6<04g)  Reference  lt31 


CHAPTER  B3 
ANHYDROUS  AIC10NIA 


B3.1  PROPERTIES 
B3.1.1  Identification 

Propellant  grade  anhydrous  anmonia  la  99.5  percent  (by  weight)  basic  sHsmnla 
(NH3);  the  remainder  is  primarily  water.  Military  Specification  NIL-P-27A06 
Propellant,  Asnonia  (Reference  1)  covers  this  grade.  The  molecular  weight 
(NW)  of  anaonla  is  17.03  g  mol. 

B3.1.2  General  Appearance  and  Common  Uses 

At  atmospheric  temperatures  and  pressures,  anmonia  is  a  pungent,  colorless 
vapor.  The  liquid  is  clear  and  colorless.  It  is  used  in  the  manufacture  of 
nitric  acid,  explosives,  synthetic  fibers  and  fertilisers  (References  2,  3,  4 
and  5). 

B3.1.3  Physical  and  Chemical  PropecRies 
See  Figure  B.3-1. 

B3. 1.3.1  Solubility  -  Ammonia  is  soluble  in  water,  alcohol,  ether,  and  many 

other  solvents.  Ammonia  is  an  ionizing  solvent  for  a  large  number  of 
inorganic  and  organic  salts. 

B3.1.3.2  Stability  -■  Ammonia  is  very  stable  and  is  not  shock  sensitive.  It 
is  thermally  stable  at  temperatures  as  high  as  755  R  (900*F)  with  dissociation 
to  nitrogen  and  hydrogen  beginning  above  this  temperature. 

B3.1.3.3  Reactivity  -  Ammonia  is  highly  reactive,  alkaline  in  nature,  and  a 
reducing  agent.  Concentrations  of  16  of  27  percent  bum  in  air.  Anmonia 
reacts  with  organic  or  inorganic  acids  and  forms  white  fumes  in  the  presence 
of  acid  vapors.  Moist  ammonia  corrodes  copper,  zinc,  and  many  alloys, 
particularly  copper  alloys.  The  reaction  of  anmonia  with  oxidising  agents  may 
be  violent. 


B3.1.3.4  Environmental  Fate  -  Any  spill  or  leak  of  anhydrous  ammonia,  would 
vaporize  into  the  atmosphere.  Once  in  the  atmosphere,  it  would  be  absorbed 
rapidly  into  rain  droplets.  After  absorption,  the  anmonia  would  react  with 
the  constituents  of  the  water  droplets  such  as  sulfates  and  nitrates.  These 
forms  would  be  re-deposited  on  land  in  a  precipitation  event.  Small  amounts 
of  ammonia  not  absorbed  by  the  rain  droplets  may  difuse  into  the  stratosphere. 

B3.2  HAZARDS 

B3.2.1  Health  Hazards  (References  6,  7,  8,  9,  10,  and  11) 

B3.2.1.1  Toxicity  -  Anhydrous  liquid  anmonia  produces  severe  burns  on 
contact,  due  to  f.cs  caustic  action  and  freezing  during  evaporation. 
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A—onla  gea  at  concentrationa  of  1  percent  by  voluoe  can  cauae  death  in  a  few 
nlnuteai  0.2  percent  can  cauae  fatal  reepiratory  tract  irritation  in  30 
ainutea.  Irritation  of  the  eyea,  respiratory  tract,  and  throat  can  result 
from  concentrations  of  O.OS  to  0.1  percent.  The  maxinun  concentration 
tolerated  by  the  skin  is  2  percent  by  voluae  in  air  (Reference  8).  A 
concentration  of  500  ppu  (350  ng/m^}  is  considered  "inMdiately  dangerous  to 
life  or  health"  (Reference  II). 

B3.2.1.2  Exposure  Limits 

S3. 2. 1.2.1  Threshold  Limit  Values  (References  8,  9  and  10)  -  Assaonia:  23  ppai 
(18  ag/a^).  NIOSH  (reference  11,  12)  recoaaends  a  ceiling  value  of  50  ppa 
(35  ng/ra^)  for  5  minute  exposures.  The  TLV-snL  for  ansonia  is  35  ppa  (27 
ng/a^)  and  the  IDLE  is  500  ppa  (330  ag/a^). 

B3.2.1.2.2  Eweryoncy  gwpoeure  Limits  -  The  emergency  exposure  limit  (EEL) 
defines  the  "single  brief  accidental  exposures  to  air-bome  contaminants  that 
can  be  tolerated  without  peneenent  toxic  effects.  These  liaits  are  not 
intended  to  replace  accepted  safe  practices  and  should  be  accompanied  by 
appropriate  medical  surveillance"  (Reference  13). 

10  min.  500  ppa  (350  mg/a^) 

30  min.  300  ppa  (210  mg/a^) 


B3.2.1.3  Special  Medical  Tnfnrmstlnn  -  The  inaediate  threat  to  life  is 
respiratory  tract  irritation  and  severe  skin  damage.  Recosaiendations  for 
prevention  and  medical  care  are  contained  ni  the  References  lA  through  21. 

B3.2.2  Fire  and  Combustion  Product  Hasards  -  The  flaaaability  range  of  ammonia 
(16  to  25  percent  by  volume)  in  air  is  higher  than  for  most  hydrocarbons  but 
large  spills  of  anhydrous  ammonia  will  represent  a  fire  hasard.  In  the 
presence  of  a  high  oxygen  concentration,  ammonia  vapors  bum  vigorously.  The 
flammable  concentration  range  in  oxygen  is  broader  than  in  air. 

B3.2.3  Explosion  Hazards  -  The  ready  detection  of  amaonla  at  low 
concentrations  due  to  its  odor  and  prompt  irritant  action  affords  enough 
warning  so  that  explosive  concentrations  can  normally  be  prevented.  Pressure 
ruptures  of  explosive  violence  can  result  from  overfilling,  dropping,  or 
subjecting  containers  to  high  temperatures.  Also,  violent  pressure  ruptures 
can  result  from  using  equipment  and  piping  that  do  not  have  safety  valves  to 
relieve  excessive  pressure,  and  from  repairs  in  inadequately  purged  equipment. 

The  explosive  range  of  ammonia  is  broadened  by  the  admixture  of  oxygen  to  air 
and  by  temperatures  and  pressures  above  one  atmosphere.  Contact  of  asmionia 
with  certain  chemicals,  including  mercury,  chlorine,  iodine,  bromine,  calcium, 
silver  oxide,  or  hypochlorite,  can  form  explosive  compounds.  Mercury 
Instruaents  should  never  be  employed  in  contact  with  liquid  or  gaseous 
anhydrous  ammonia. 
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B3.2.4  EnvlrQn!a«iit«l  Effacta  -  A  background  concentration  of  annonia  alwayr 
exlata  in  the  atnoapheroy  however  is  on  the  order  of  ppb.  Amaonia,  as  such, 
would  be  expected  to  exist  only  for  a  short  tine  in  the  atmosphere  before 
transformation.  For  an  atmospheric  release,  therefore,  other  than  occupational 
effects  resulting  iumediately  from  the  release,  the  environmental  exposure 
effects  are  associated  with  the  return  of  the  aanKmlum  compounds  to  the  land 
in  precipitation. 

Ammonia  and  other  nitrogen  compounds  are  natural  constituents  of  natural  water 
systems.  A  sudden  addition  of  ammonia,  however,  to  a  surface  water  would  be 
toxic  to  aquatic  life  in  large  amounts,  and  cause  biostisnilation  of  aquatic 
life  in  small  amounts.  The  more  toxic  form  is  the  ionised  annonia  the  amount 
of  which  is  a  function  of  the  pH,  but  is  also  enhanced  by  dissolved  oxygen, 
carbon  dioxide,  elevated  temperatures  and  bicarbonate  alkalinity.  Acute 
toxicity  has  been  reported  at  levels  of  10  mg/m^  to  2  g/m^  (6.24  x  10~^ 
to  1.25  X  10~^  Ib/ft^)  of  ammonia-nitrogen. 

B3.3  RESERVED 

B3.4  RESERVES 

B3.S  MATERIALS  AND  EQUIPMENT  COMPATIBILITY  (Reference  23) 

B3.5.1  Materials  -  Ammonia  should  be  stored  in  cylinders  of  approved  design, 
materials  and  construction  and  suitably  housed.  Vfhen  selecting  materials  for 
liquid  service,  consideration  should  be  given  to  physical  properties  at  high 
pressures  and  the  reactivity  of  the  material  with  liquid  ammonia.  Elevated 
temperatures  may  cause  containers  to  explode.  Contact  with  strong  oxidisers 
may  cause  fire  and  explosions.  The  presence  of  calcium,  hypochlorite 
bleaches,  gold,  mercury,  and  silver  may  lead  to  highly  explosive  products. 
Contact  with  halogens  may  cause  violent  spattering  (Reference  12). 

B3.5.1.1  Metals  -  Moici.  anuonia  will  not  corrode  iron,  steel,  or  aluminum 
but  will  react  rapidly  with  copper,  zinc,  and  many  alloys,  especially  those 
containing  copper.  Only  steel  should  be  used  for  ammonia  containers,  piping, 
and  pipe  fittings.  Such  items  as  gauging  devices  and  safety  relief  valves  isay 
be  made  of  alixninum  or  other  approved  materials.  Inconel  is  the  best  swtal 
fcr  high  temperature  operation. 

a.  Metals  compatible  with  liquid  anhydrous  ammonia  or  amsionia  gas: 

nickel  (all  temperatures) 

stainless  steel,  300  and  400  series  (all  temperatures) 
steel  (ambient  temperatures) 

b.  Metals  compatible  with  ammonia  gas  containing  significant  moisture: 

nickel 

copper-free  steel 

stainless  steel,  300  and  400  series 
Do  not  use  copper,  zinc,  or  their  alloys. 
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B3.5.1.2  Non-Metal a  -  In  the  following  list  ere  non-netala  approved  for 

service  with  aanonia: 

Tetraf luoroethylene  polymer 

(TFE,  Ualon  TFE,  Teflon,  or  equivalent) 

Chlorotrif luoroethylene  polymer 
(Kel  F,  Halon  CTF,  or  equivalent) 

Other  materials  which  have  been  tested  and  approved  for  ananonia  service  may  be 
usedc 


B3.5.1.3  Lubricants  -  Refrigeration-grade  petroleum  oil  stay  be  used  for 
pumps  and  compressors.  Specialized  lubricants,  such  as  the  fluorolubes  or  the 
perf luorocarbons ,  are  required  in  missiles  contact  systems  with  oxidizers  is  a 
possibility,  except  that  they  should  not  be  used  with  aluminum.  Silicone 
greases  may  be  used. 

B3.5.1.4  Sealants  -  Materials  listed  in  Paragraph  B3.5.1.2  in  tape  or  pas to 
form  may  be  used  as  thread  sealants.  Glycerine-litharge  joint  cement  may  be 
used  for  semipermanent  joints.  Also  see  Sections  B3.5.2.4  and  B3.5.2.5  for 
specific  material  applications. 

B3.5.2  Eqtiipment 

B3.5.2.1  Containers  -  Containers  for  aimuonia  siay  be  cylinders,  portable 
tanks,  tank  trucks,  or  single  or  multiple  unit  tank  cars.  Ammonia  may  be 
stored  in  the  foregoing  equipment  or  in  refrigerated  or  non-ref rigerated  bulk 
storage  tanks. 

B3.5.2.2  f,umpa_and  Hose  -  When  pumps  are  used  in  the  ammonia  transfer 
system,  only  pumps  and  shaft  seals  designed  and  suitable  for  liquid  ammonia 
service  should  be  used.  Hoses  must  be  suitable  for  ammonia  service.  Detailed 
information  for  pumps  and  seals  may  be  procured  from  manufacturers  of  liquid 
ammonia  or  of  ammonia-handling  equipment.  (Ammonia  hose  specifications  can  be 
obtained  from  the  Rubber  Manufacturers  Association,  346  Connecticut  Avenue 
N.W.,  Washington,  DC  20036). 

B3.5.2.3  Lights  -  Temporary  portable  extension  cords  with  lights,  used  in 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
Bureau  of  Mines. 

Flash  lights  or  storage  battery  lainps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  Bureau  of  Mines,  or  as  accepted  by  the  current 
edition  of  the  National  Electrical  Code  (Reference  24). 

B3.5.2.4  Pipes  and  Fittings  -  Piping  should  be  extra-heavy  steel  (ANSI 
B36. 10-1975,  schedule  80)  on  the  supply  side  of  pressure-reducing  valves,  and 
of  standard  steel  (ANSI  636.10-1975,  schedule  40)  on  the  discharge  side  of 
reducing  valves.  Galvanized  pipe  should  never  be  used.  Welled  joints  are 
preferred  to  threaded  joints.  Under  no  circumstances  should  brazed  joints  be 
used;  they  will  deteriorate  rapidly.  Where  threaded  connections  must  be  made, 
only  schedule  80  pipe  should  be  used.  Freshly  made  glycerine-litharge  joint 
cement  may  be  used.  There  are  also  plastic-lead  thread  compounds  and 
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tetraf luoroethyl6n«  polymar  tape  which  do  not  freeze  thread  joints  as 
glycerine-litharge  cenent  does.  The  joints  should  be  made  up  tight. 
Afumonia-type  tongue  and  groove  glanges  may  be  used*  but  other  standard  flanges 
are  also  satisfactory.  Two-bolt  fl&nges  of  this  £yp$  are  satisfactory  for 
pipe  sizes  under'  1  inch  in  the  2,000-pound  class  o-  far  pipe  sizes  under 
one-half  inch  n  the  6,000-pound  class.  Above  tht  .tfUieters  use  300-pound 
ANSI  flanges  in  high  pressure  systems  and  ISO-pouud  ^'Sl  flanges  in  reduced 
pressure  systems.  Wherever  there  is  a  possibility  that  an  amnonia  line  may  be 
closed  at  both  ends  while  liquid-filled,  the  line  should  be  protected  by  a 
hydrostatic  relief  valve.  Aimonia  piping  systems  should  be  clearly  identified 
(Reference  25). 


33.5.2.5  Gaskets  -  Gaskets  of  any  of  the  following  types  sny  be  used: 


a.  Tetraf luoroethylene  polymer  (sheets) 

b.  Tetraf luoroethylene  polymer  (envelope) 

c.  Clilorotrif luoroethylene  polymer 

d.  Asnonia-resistant  rubber 


B3.5.2.6  Pressure  Gauges  -  All  Iron  aio&onia-type  gauges  are  suitable  for 
anmionia  transfer  and  storage  service.  In  order  to  minimize  operator  reading 
errors,  all  pressure  gauges  used  for  a  coauon  purpose  should  have  identical 
scales. 


B3.5.2.7  Valves  -  Tank  and  line  shutoff  valves  should  be  steel  or  ductile 
iron  (nodular)  and  designed  for  ammonia  service.  No  valve  part  should  contain 
copper,  zinc,  or  other  metals  or  alloys  not  resistant  to  amnonia.  Valve  seats 
may  be  steel,  tin,  or  ammonia  resistant  resilent  material.  Properly  designed 
lead  seats  are  satisfactory  in  certain  services.  The  above  materials  also  are 
desirable  for  relief  valves  and  pressure  reducing  valves,  although  aluminum 
(noncopper  bearing)  may  be  used  in  the  smaller  sizes  (under  2  in  IPS).  Ensure 
that  all  valves,  fittings  and  regulators  are  rates  at  a  gauge  pressure  of  2069 
kPa  (300  psi). 

When  ordering  such  equipment,  always  specify  that  it  must  be  suitable  for 
anmonia  service  and  must  have  no  brass  or  bronze  parts. 

All  liquid  and  gao  connections  to  containers,  except  for  relief  valves  and 
liquid  level  pressure-gauging  devices,  should  be  equipped  either  with  suitable 
excess-flow  check  valves,  back-pressure  check  valves,  or  remotely  controlled 
block  valves.  In  addition,  all  connections  except  safety-relief  connections 
should  have  manually  operated  shutoff  valves.  Connections  fur  gauging  devices 
need  not  include  excess-flow  check  valves  if  'they  incorporate  orifices  no 
larger  than  a  No.  5h  drill  size  to  restrict  the  flow. 

Excess-flow  valves  are  rated  by  the  manufacturer  to  close  automatically  at 
certain  flow  rates.  Connec'-ions  and  fittings  should  have  greater  capacity 
than  the  rated  flow  of  the  excess-flow  valve.  To  permit  reopening  the 
excess-flow  check  valves  after  closing  a  downstream  valve,  excess-flow  valves 
should  incorporate  a  passageway  no  larger  than  a  No.  60  drill  size  in  order  to 
equalize  pressures.  Excess-flow  and  back-pressure  check  valves  should  be 
Inside  the  tank  or  at  a  point  outside  where  the  line  enters  the  tank.  In  the 
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lattsr  case,  installation  should  be  made  so  that  any  unusual '^strain  beyond  the 
excess-flow  or  the  back-pressure  check  valve  would  not  cause  breakage  between 
the  tank  and  the  valves. 

Rach  permanently  installed  tank  should  have  an  amnonia  pressure  gauge  with  an 
adequate  pressure  range,  Installed  to  indicate  vapor  pressure  at  the  tank  top. 

B3.5.2.8  Venting  Systems  and  Pressure  Relief  -  All  storage  containers  should 
be  protected  with  relief  valves.  Relief  valves  should  be  set  to  discharge  at 
pressures  which  conply  with  the  ASMS  code  (Reference  26);  the  applicable 
federal,  state,  municipal  regulations;  and  the  application  insurance 
restrictions.  Initial  discharge  pressure  and  maxiaiua  control  pressure  are 
based  on  the  design  working  pressure  of  the  container. 

Relief  valves  should  be  tested  at  least  once  each  year.  Inspection  problems 
can  be  simplified  by  using  dual  relief  valves  on  a  three^ay  valve  to  meet 
each  relief  valve  requirement.  The  sise  of  the  relief  valves  should  be  in 
accordance  with  the  flow-rate  requirements  cf  the  ASMS  code  (Reference  26). 

The  discharge  from  these  valves  should  be  vented  upward  into  the  atmosphere  so 
as  not  to  contaminate  the  area  nearby  or  endanger  workers  or  passers-by.  The 
exhaust  end  of  the  discharge  pipe  should  be  designed  to  prevent  the  entrance 
of  rain.  Provision  should  be  made  to  drain  any  condensation  which  might 
accumulate  in  the  vent  lines. 

ihutoff  valves  should  not  be  installed  between  the  safety-valves  and  the 
tank.  Safety-relief  valves  should  be  directly  connected  with  the  vapor  space 
of  the  tank.  Safety-relief  valves  should  begin  to  discharge  at  a  pressure  in 
excess  of  the  design  working  pressure  (to  110  percent),  and  their  total 
relieving  capacity  should  be  sufficient  to  prevent  a  maxLiium  pressure  of  more 
than  120  percent  of  the  design  working  pressure.  (A  convenient  table  which 
relates  amnonia  contai.ner  surface  areas  to  the  sise  of  relief  valves,  and  thus 
to  air  relief  capacity,  is  available  lu  "Unfired  Pressure  Vessel  Safety 
Orders,"  Title  B,  Section  58.7,  Paragraph  511,  a  publication  of  the  California 
Division  of  Industrial  Safety.) 

On  refrigerated  storage,  there  should  be  at  least  two  safety-relief  valves  on 
every  storage  container,  each  set  to  open  at  the  design  working  pressure  and 
to  maintain  the  pressure  at  not  more  than  120  percent  of  the  design  working 
pressure . 

B3.5.2.9  Grounding  -  All  electrical  equipment  should  be  properly  grounded. 
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PROPERTY 

ENGLISH  UNITS 

SI  UNITS 

Boiling  Pbint 

-28«F 

230.8  K 

FVeeiing  Poink 

-107  .S^F 

106.4  K 

Density  (Ou) 

(Liquid) 

&.7  Ib/cal 
at.28*F 

0.882  Mg/m* 
at  240  K 

Specific  Grnvity  •  Vepor 
(relative  to  STP  air) 

0.&0 

0.60 

Critical  Density 

14.71  Ib/ft* 

0.235  Mg/m* 

Critical  Pressure 

16&7  psia 

11.427  MPa 

Critical  Temperature 

271. 4*F 

408  K 

Vapor  Pressure 

124.&  psia 
at  8S*P 

0.8678  MPa 
at  203  K 

22S.&  psia 
at  104OF 

1.654  MPa 
at  313  K 

Coefficient  of  Kinematic 

Viscosity 

Absolute 

0.28  centipoises 
at  -TS'F 

2.8  X  l0-<  Pa  s 

0.16  centipoises 
at  eS^F 

1.5  X  10- «  Pa  s 
at  203  K 

Autoignition  Temperature 

1204®F 

824.3  K 

Flash  Point 

Flammability  Limits  Lower: 

Upper: 

16  percent  volume 

in  ftir 

per'xnt  hy  volume 
in  eir 

Figure  B3-1  Physical  Properties  of  Ainoonia  (MW  ■  17.03g) 
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CHAPTI^R  B4 
THE  HYDRAZINE  FUELS 


B4.1  PROPERTIES 


B4.1.1  Identification 

B4. 1.1.1  Hydrenine  (Dienide.  Diamine.  Hvdregina  Bane.  HZ.  Hvdragina  Hydrate 

-  Propellant-grade  hydrasine  contains  a  ■ininvn  of  97.5  percent  hydraaine 
(N2Ht»)t  the  remainder  is  primarily  water.  Military  Specification 
HIL-P-26536B  (USAP),  "Propellant,  Hydraaine,"  (Reference  1)  covers  this 
grade.  The  molecular  weight  of  hydraaine  ia  32.05  g  mol. 

B4.1.1.2  Monoeie thy Ihvdraa ina  -  Propellant-grade  BMnomethylhydraaine  (ttIH) 

contains  a  minimum  of  98  percent  basic  MMH  (CH3NHMR2);  the  remainder  is 
primarily  water.  Military  Specification  MlL-P-27404  (USAF),  "Propellant, 
Honomethylhydraaine,"  (Reference  2)  covers  this  grade.  The  molecular  weight 
of  f«1H  ia  46.07  g  mol. 

B4. 1.1.3  Unavmiietrical  Dimathvlhvdraaine  (UDMHl  -  Propellent  grade  UDHH 
contains  a  minimum  of  98.0  percent  UDMH,  (CH3)2N2H2;  the  remainder  is 
related  amines  and  water  (0.3  percent  maximum).  Military  Specification 
MIL-P-25604C,  "Propellant,  Unsymmetrical  Dimethylhydraaine,"  (Reference  3) 
covers  this  grade  of  fuel.  The  molecular  weight  of  UDMH  is  60.11  g  mol. 

B4.1.1.4  Mixed  Amino  Fuels  (MAF)  -  MAF  is  composed  priaiarily  of  UDHH  and 
diethylenetriamine  (DETA)  combined  in  varying  percentages.  Technical  grade 
DETA,  97  percent  (NH2C2H4)2NH,  is  covered  in  Federal  Specification 
O-D-1271  "Diethylenetriamine,  Technical"  (Reference  4).  The  mixed  amine  fuels 
NAF-1,  MAF-3,  and  MAF-4  are  described  in  the  following  paragraphs: 


B4. 1.1. 4.1  MAF-1  -  This  fuel  is  covered  in  Military  Specification 
MIL-P-23741A,  "Mlsed  Amine  Fuel,  MAF-1"  (Reference  5).  It  has  the  following 
composition: 

UDMH  39.0  percent  by  weight 

DETA  49.7  percent  by  weight 


Acetonitrile  10.1  percent  by  weight 
(CH3CN) 

Water  1.0  percent  by  weight  (maximum) 

B4.1.1.4.2  MAF-3  -  This  fuel  is  covered  in  Military  Specification  MIL-P-23686A 
"Mixed  Amine  Fuel,  MAF-3"  (Reference  6).  It  has  the  following  composition: 


UDMH 

20.0  percent  by  weight 

DETA 

80.0  percent  by  weight 

Water 

1.0  percent  by  weight  (maximum) 
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B4.1.1.4.3  MAF-4  -  This  fuel,  also  celled  U-OBTA  end  Hjrdyne  (Reference  7),  has 
the  following  coaposition: 

UME  60  percent  by  weight 

DBTA  AO  percent  by  weight 

BA.  1.1. A. A  HYdrssine-lfaswMetricsl  PimethYlhvdrasine  Mixture  -  The  mixture  of 
hydraslne  end  UBHH  (also  know  as  Aerczine-SO)  is  a  1:1  blend  of  hydrazine  and 
UDHH  containing  a  aiuisnss  of  98.2  percent  of  the  coisbined  liquids  (Reference 
8).  InfoHMtion  and  safety  procedures  in  this  chapter  are  applicable  for  this 
fuel  mixture.  Where  procedures  differ,  the  store  stringent  should  be 
followed.  If  the  ■ixture  freesec,  the  UDMH  and  hydrasine  will  separate  into 
two  distinct  layers  which  will  not  blend  unlens  a  special  mixing  operation  is 
completed.  See  MIL-P-27A02A  (USAF)  "Propellant,  Hydraslne  -  Unsyaeaetrical 
Dimethylhydrasine,  5O-N2H4  50-U0MB"  (Reference  9).  Vapors  from  a  standing 
source  of  A-SO  will  initially  be  almost  entirely  UMH.  The  remaining  liquid 
will  ultimately  be  almcst  entirely  hydraslne  (Reference  10). 

BA. 1.2  General  Appearances  and  Uses  (Reference  11) 

Hydrasine,  MIH  and  UIMH  at  ordinary  temperatures  are  clear,  oily,  water-white 
liquids  with  fishy  amine  odor.  Mixed  amine  fuels  are  water  white  to  light 
amber  in  color. 

Hydrasine,  !WH  and  USMH  are  used  as  rocket  fuels  and  hydrasine  is  commonly 
used  as  monoprope .Hants. 

BA. 1.3  Physical  and  Chemical  Propurties  (References  12,  13  and  lA) 

The  chemical  properties  of  hydrasine,  MHH,  UllfH  and  A-50  are  shown  in  Figures 
BA-1  through  BA-A. 

BA. 1.3.1  Solubility  -  Hydrasine  and  (V(H  mix  with  water  and  with  low 
s«olecular  weight  alcohols.  Hydrasine  is  insoluble  in  hydrocarbons  while  IMH 
is  soluble.  UONH  is  completely  miscible  with  water,  hydrasine, 
diethylene-triaraine,  ethanol,  and  siost  petroleum  fuels.  The  solubility  of 
mixed  amine  fuels  with  gasoline  and  JP-A  is  limited. 

BA.  1.3. 2  Stability  -  Hydrazine  and  .'MH  are  stable  liquids  under  the  extrearas 

of  heat  and  cold  expected  in  long  tern  storage.  They  will  freeze,  but  because 
they  contract  upon  freezing  there  is  no  danger  to  storage  yessels.  Freezing 
has  no  effect  upon  the  chemical  properties.  Hydrazine,  M1H,  UOMH  and  MAF  are 
ull  stable  to  friction  and  shock.  Catalysts  such  as  copper,  platinum  metals, 
copper  alloys,  molybdenum,  and  iron  oxide  can  cause  decomposition  and  possible 
ignition  of  hydrazine  and  NMH.  Hydraslne  begins  to  decompose  at  about  5A8  K 
(518*F)  (See  Figure  BA-1).  The  presence  of  catalyst  reduces  this 
decomposition  temperature.  IWH  is  stable  up  to  its  boiling  point  if  kept  from 
contact  with  air.  Nitrogen  gas  blankets  should  be  used  on  all  hydrazines  as 
they  are  hygroscopic  and  moisture  in  air  can  contaminate  fuel.  UDMH  and  MAF 
show  good  thermal  stability,  although  some  carbonization  takes  place  at  6AA  to 
700  K  (700  to  800*F).  The  spontaneous  decomposition  temperature  of  UDMH  in  an 
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•taoaphcr*  of  nitrogen  or  helium  hee  been  determined  to  be  655  to  672  K  (740 
to  750*F)  at  101  kPa  (1  atmosphere);  the  decomposition  does  not  becosie 
explosive  up  to  at  least  873  K  (lli2*F). 

B4.1.3.3  Reactivity  -  Nydrasinet  MHHt  UOHH  and  the  mixed  amine  fuels  are 
strong  reducing  agents,  weakly  alkaline,  and  very  hygroscopic.  They  will 
react  with  carbon  dioxide  and  oxygen  in  air  (Raferance  15).  Exposure  to  air 
from  a  large  surface,  as  from  saturated  rags,  may  result  in  spontaneous 
ignition  of  hydraslne  of  ^BIH,  due  to  the  heat  evolved  from  oxidation  with 
atmospheric  oxygen.  A  film  of  hydrazine  or  NMH  in  contact  with  metallic 
oxides  or  other  oxidising  agents  may  ignite  spontaneously.  These  fuels 
decompose  on  contact  with  some  metals  including  iron,  copper,  platinum, 
molybdenum,  and  their  alloys  and  oxides. 

B4.1.3.4  Environmental  Fate  -  Hydrazine,  monomethylhydrazine  and 
unsynnetrical  dimethylhydraslne  are  all  heavier  than  air,  and  if  not  oxidized 
when  airborne  will  react  and/or  poaeibly  ignite  with  the  porous  earth  or  will 
form  the  asssonia,  methylamine  and  dimethyl  semine,  respectively,  and  the 
oxides  or  nitrogen.  All  of  these  substances  are  soluble  in  water  and  are 
toxic  and  injurious  to  plant  and  lower  anisial  life  if  present  in  sufficient 
concentrations.  On  further  oxidation  of  the  anamnia,  srathylamine  and 
dimethylamine,  the  amino  substances  serve  as  nutrient  to  plant  life.  Airborne 
nitrogen  oxides  will  return  to  earth  as  nitric  acid  rains  in  precipitation 
events  and  will  react  with  calcium  and  SMgnesitmi  to  form  the  nitrates  which 
are  also  utilised  as  fertiliser  for  plant  life. 

B4.2  HAZARDS 

B4.2.1  Health  Hazards 

64.2.1.1  Toxicity  -  Hydrazine,  MMH  and  UDNH  are  convulsant  agents,  irritants 
to  the  respiratory  tract  and  eyes,  and  may  irritate  the  skin.  They  ere 
absorbed  by  the  skin,  oral,  and  inhalation  routes.  Hydrazine  fuels  form 
carcinogenic  nitrosamine  compounds.  The  hydrazines  are  classified  as  animal 
carcinogens  by  the  Registry  of  Toxic  Effects  of  Chemical  Substances  Issued  by 
NIOSH,  1981-82,  and  listed  as  Industrial  Substances  Suspected  of  Carcinogenic 
Potential  to  Nan  by  the  American  Conference  of  Government  Industrial 
Hygienists,  1982. 

If  spilled  on  the  skin  or  splashed  in  the  eyes,  liquid  hydrazine  can  cause 
severe  local  damage  or  burns  and  can  cause  dermatitis.  In  addition,  it  can 
penetrate  skin  to  cause  systemic  effects  similar  to  those  produced  when  the 
compound  is  swallowed  or  inhaled.  If  Inhaled,  the  vapor  causes  local  and 
systemic  effects.  On  short  exposure,  systemic  effects  involve  the  central 
nervous  system.  Resultant  symptoms  include  tremors;  on  exposure  to  higher 
concentrations,  convulsions  and  possibly  death  follow.  Repeated  exposures  may 
cause  toxic  damage  to  the  liver  (fatty  liver)  and  kidney  (interstitial 
nephritis),  as  well  as  anemia. 

Monomethylhydrazine  is  a  volatile  caustic  liquid  which  can  cause  systemic 
toxicity  through  cutaneous  absorption,  as  well  as  by  inhalation.  It  is 
irritating  both  to  the  skin  and  pulmonary  tract  since  it  is  alkaline. 
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Diathxlenetrluiln*  (DBTA),  alto  known  at  out  of  the  major  conatltuenta  in  MAf 
cauact  buma  in  contact  with  akin  or  ejet.  Repeated  akin  contact  with  DBTA 
■tap  lead  to  akin  aenaitiaationa  while  an  aathaiatic  type  reaponae  aiay  reault 
from  inhalation  of  the  vapora.  Due  to  the  low  vapot  preaaura  of  DETA  it  ia 
not  a  aignificant  contributor  aa  a  toxic  agent  in  nixed  aaiinn  fuela  via  the 
inhalation  route. 


B4.2.1.2  Expoaura  Limlta 


B4. 2. 1.2.1  Ihgthhc^d,  VAluM-Ii—  Wklghttd  AYtrigg  (ILV-IHA)  (Referencea 

IB  and  19). 


Hydraaine:  The  TLV-IWA  ia  0.1  ppn  (0.1  ag/x^)*  Skin  warnings  Suapected 
carcinogen.  The  IDLU  ia  80  ppei  (80  oig/n^). 

NMH:  The  TLV-TWA  ia  0.2  ppn  (0.35  a«/n3).  Ceiling  value,  Skin 

warning,  Suapected  carcinogen.  The  IDLE  ia  5  ppm  (8.8  ng/n^) 

U9NH:  The  TLV-TWA  la  0.5  ppm  (1  ag/n^).  Skin  warning,  Suapected 

carcinogen.  The  IDLH  ia  50  ppm  (100  ng/m~). 


DETA:  TLV-TWA  ia  1.0  ppm  (4  ng/a^)  with  akin  warning. 


B4.2.1.2.2  Emergency  Expoaure  Llaita  -  The  emergency  expoaure  limit  (EEL) 
definea  the  “aingle  brief  accidental  expcaurea  to  air-bome  contaminanta  that 
can  be  tolerated  without  permanent  toxic  effecta.  Theae  llaita  are  not 
intended  to  replace  accepted  aafe  practicea  and  ahould  be  accompanied  by 
appropriate  medical  surveillance"  (Reference  17). 


Hydraaine: 

10  min.  30  ppm  (39  ag/a^) 

30  min.  20  ppm  (26  ag/a^) 

60  min.  10  ppm  (13  ag/a^) 

MNG: 

10  min.  90  ppm  (158  mg/m^) 

30  min.  30  ppm  (53  ng/ra^) 

60  min.  15  ppm  (26  mg/m^) 

UEMH; 

10  min.  100  ppm  (or  less)  (2490  nig/m^) 
30  min.  50  ppm  (125  mg/m^) 

60  min.  30  ppm  (75  mg/m^) 


B4.2.1.3  Special  Medical  Information 


B4. 2. 1.3.1  Hydrazine  -  If  convulsions  occur,  quick  acting  barbiturates 
administered  only  by  dlrecclon  of  a  physician,  with  due  regard  for  synergistic 
depression  of  respiration,  should  help.  Induction  of  diurecis  will  aid  in  the 
elimination  of  hydrazine  from  the  body  (See  References  20  through  51). 
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B4.2.I.3.2  MonoMethylbydraalna  -  Sjrinptomatology  following  expoiuro  !•  unknown 
I'*  MO  and  i«  quit*  varlod  In  aninalc.  Central  Narvoua  Symptom  (CN8)  aymptoms 
ranging  from  tremori  to  convulaiona  are  aean  in  all  apaciaa  but  at  widaly 
varying  doaaa.  Tha  dagraa  of  kidney  damage  and  mathamoglobin  production  found 
at  eonvulaant  doaaa  variaa  with  npaciaa.  Tharafora,  following  human  axpoaure, 
any  or  nona  of  tha  following  my  occurt  CNS  convulaiona i  mathaiBoglobinamia, 
kidnay  proximl  tubula  damga,  and  anamia.  Tha  poaaibility  of  darangad 
carbohydrate  mataboliam  raaulting  in  a  hypoglycemia  ahould  alao  be  cone ida rad. 

Pyridoxina  my  be  of  value  in  treatment  of  tha  convulaiona.  If  tha  victim 
become  hypoglycemic  or  devalopa  a  methemoglobinemia,  treat  uaing  accepted 
practicea.  CMS  depreaaanta  ahould  be  uaed  with  care  (Refarencea  21,  22,  and 
52  through  62). 

BA. 2. 1.3. 3  UEMH  (Refarencea  63  through  75)  -  Barblturatea  and  muacle  relaxanta 
my  be  of  value  in  treatmnt  of  the  convulaiona.  Pyridoxine  has  been  ahown  to 
abort  convulaiona  in  anlmle  expoaed  to  UCMH.  UOMH  ia  rapidly  excreted  in  the 
urine  and  elimination  can  be  haatened  by  the  *'.ae  of  diuretica. 

BA. 2. 1.3. A  Mixturea  -  If  a  mixture  of  hydraainea  auch  aa  Aeroaine-50 
(UDHH-Hydraaine)  ia  apilled  on  the  akin,  the  expoaure  ahould  be  regarded 
primrily  aa  one  to  hydraaine.  The  volatility  of  the  two  compounda  favora 
greater  abaorption  of  the  hydraaine  into  tha  akin.  Caution  may  be  necaaaary 
if  pyridoxine  ia  uaed  under  theae  conditiona  aince  it  ia  of  little  value  in 
hydraaine  toxicity.  If  25  mg/kg  (2.5  x  10'^  Ib/lb)  pyridoxine  doea  not 
abort  convulaiona,  further  doaea  my  provoke  rather  than  help  the  condition. 

If  a  apill  of  the  mixture  of  hydraainea  ia  the  cauae  of  toxicity  via  the 
inhalation  route,  UWH  toxicity  ia  of  primrily  concern  and  pyridoxine  ia  the 
drug  of  choice.  If  four  doaea  of  25  mg/kg  (2.5  x  10~*^  Ib/lb)  pyridoxine  at 
two  hour  intervale  fail  to  abort  the  aymptom,  further  adminiatration  of  the 
compound  may  actually  be  of  no  use  or  even  detrimental. 

BA. 2. 2  Fira  and  Combustion  Product  Haaarda 

Hydraaine,  WIH,  UCNH  and  DETA  are  hypergolic  with  oxidants,  auch  aa  hydrogen 
peroxide,  nitrogen  tetroxide,  fluorine,  halogen  fluorides,  and  nitric  acid.  A 
film  of  hydraaine  or  M1H  in  contact  with  mtal  oxides,  such  as  thoae  of  iron, 
copper,  lead,  manganese,  and  molybdenum,  my  ignite  owing  to  the  heat  of 
chemical  reaction.  Rags,  cotton  waste,  sawduat,  excelsior,  or  other  mterials 
of  a  large  surface  area  that  have  absorbed  hydraaine,  IMH,  UBNH,  or  NAF  may 
eventually  cauae  spontaneous  ignition.  Such  materials  ahould  not  be  stored 
under  conditions  that  prevent  dissipation  of  the  heat  that  can  accumulate  by 
the  gradual  process  of  air  oxidation.  In  enclosed  spaces  all  personnel  must 
be  evacuated  when  the  atmosphere  reaches  10  percent  of  the  lower  explosive 
limit  (LED. 

BA. 2. 3  EKpIoaiQQ  Hftgftcda 

Vapors  of  hydrazine,  fMH,  and  UDHH  can  be  exploded  by  an  electric  spark  or  by 
an  open  flame.  Due  to  high  vapor  pressure  and  a  wide  f laimnability  range,  the 
possibility  of  an  explosive  mixture  forming  over  UDMH  or  MAF  is  very  high. 
Hydrazines  and  NAF  should  be  stored  and  handled  at  all  times  under  an 
atmosphere  of  nitrogen. 


BA-5 


B4.2.A  Envlrpnmental  affect! 


The  hydrasines  and  their  respective  oxidation  by-products  such  as  the  amines 
and  the  oxides  of  nitrofen  (See  Section  B4.1.3.A)  are  toxic  and  injurious  to 
plant  and  lower  animal  life  if  present  in  sufficient  concentration.  If 
dissolved  in  natural  water,  the  hydrazines  would  deplete  the  oxygen  supply 
causing  serious  effect  on  the  aquatic  ecosystems. 

B4.3  RESERVED 

B4.4  RESERVED 

B4.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY  (Reference  78) 

B4.5.1  Materials 

Hydrazines  are  a  highly  reactive  propellant  and  are  considered 
thermodynamically  unstable.  The  rate  of  decomposition  of  purified  hydrazine 
is  a  function  of  both  temperature  and  presence  of  a  catalyst.  At  ambient 
temperatures,  294  K  (70*F),  and  in  the  absence  of  a  catalyst.  The 
decomposition  of  hydrazine  is  minimal. 

B4.5.1.1  Metals  -  Some  metals  to  show  excellent  corrosion  resistance  to 
hydrazine.  Some  contaminants,  (e.g.,  carbon  dioxide,  chloride  ion)  reduce  the 
corrosion  resistance  of  metals.  For  long-term  storage  of  uncontaminated 
hydrazine,  the  major  concern  is  the  degree  that  the  metal  being  considered 
accelerates  the  N2H4  decomposition  rate. 

The  following  metals  may  be  used  with  hydrazine,  mH,  UDMH,  Aerozine-50,  H-70, 
and  HAF: 

Stainless  steel  -  types  304,1(1,2);  304L,I(1);  316,1(1,2);  317(2); 
347(1),  355(1,2);  17-4PH(2);  17-7PH  (Carpenter  20  Cbll,2]);  410, 

416(2);  430(1,2);  A-286. 

Aluminum  alloys  -  types  1100(2);  300(2);  2014(1, 2), R;  2017(2);  2024, 
2219,  4043,  5052,  5456(2);  R;  6061(1,2);  6066,  7075,  716,  356,  40E(2). 
Miscellaneous  -  Chromel  A,  Chromium  Plating,  Monel(2);  Stelite-21, 
Tantalum,  Tin,  Titanium  5A1-2.5,  Sn(2),  Titanium  6A1-4V(4)  and 
Zirconium. 

Unsatisfactory  metals  are: 

Cadmlum(2) 

Cobalt 

Copper  and  its  alloys,  Bra8s(4),  Brouze(5) 

Aluminum  (ASME-40E) 

Hasteloys 

Iron 

Lead 

Magnesium 

Zinc 
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NoIybdenmnCA) 
Mild  Steel (4) 
Nickel 


(1)  (Reference  80),  based  on  10-year  tests 

(2)  (Reference  81),  A  restriction  code,  R,  is  used  where  restricted 
compatibility  exists.  A  restriction  code,  I,  indicates  an  insufficient 
asiount  of  data  (Reference  80).  This  notation  i&  after  the  appropriate 
reference  listing. 

(3)  (Reference  82),  20  Dec  78,  Chapter  4. 

(4)  Based  on  one  reference,  this  metal  showed  excessive  decomposition  at  316.5 
K(110*F),  with  50/50  N2H4/IIDMH. 

(5)  The  authors  (2)  stated  that  these  metals  were  considered  unacceptable 
because  their  oxides  act  as  catalysts  for  decomposition  of  hydrasine  at 
elevated  temperatures. 


B4.5.1.2  Non-Metals  -  The  attack  of  storage  materials  is  usually  considered 
a  problem  for  non-metals,  most  of  which  show  poor  corrosion  resistance  to  neat 
N2H1,.  For  long-tezm  storage  with  non-metals,  both  catalytic  and  material 
attack  must  be  considered. 

The  following  non-metals  may  be  used: 

AF-E-332(1),I 

High  density  polyethylene  (tested  below  344  K  [160*F]  exposure  less 
than  4  weeks) 

Hydropol  OT  plastic  or  equivalent 

Tettaf luoroethylene  (TFR,  Balon  TFE,  Teflon,  or  equivalent) 

Butyl  rubber  (2)  (tested  below  368  K)  (95*F) 

Ethylene  propylene  rubber 

The  following  non-metals  Indicate  poor  compatibility  (2): 

Viton  unplasticized  chlorotrif luoroethylene  polymer  (KEL  F,  Halon  CTF, 
or  equivalent) 


(1)  (Reference  80),  based  on  10-year  tests 

(2)  (Reference  81),  A  restriction  code,  R,  is  used  where  restricted 
compatibility  exists.  A  restriction  code,  1,  indicates  an  insufficient 
amount  of  data  (Reference  80).  This  notation  is  after  the  appropriate 
reference  listing. 


B4.5.1.3  Lubricants  -  A  completely  satisfactory  lubricant  has  not  been 
developed  for  use  with  these  propellants  due  to  their  solvent  properties.  The 
following  materials  have  been  used: 

Krytox  PR-240AC 

Apiezon  L 

Quigley  "Q"  seal 

Dow  Coming  silicon  compound  11 

Fluorolube  GR-470 

Kel-F  grease 

Reddy  Lube  200 
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B«ied  on  Reference  80  several  preferred  lubricants  Include 


Propellant 

Hydras ine 
UniH  and  MMH 


Lubricant 


Vernation  Oyseal 
Dow  Coming  DC-11 
Mixture  of  Apiezon  L 
and  M  Graphite, 
Versllube  F-50 
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Boiling  Point  (76C  Torr) 

236. 3*F 

386.8  K 

Freezing  Point 

35*F 

275  K 

■  ■  II  III 

Density  (Gas) 

(Liquid) 

8.415  Ib/gal 
at  68*F 

1.008  Mg/m3 
at  293  K 

.  - 

Specific  Gravity  -  Vapor 
(relative  to  STP  air) 

1.1 

at  32*F 

1.1 

at  273.15  K 

Critical  Density 

1.93  Ib/gal 

0.2313  Mg/m3 

Critical  Pressure 

2135  psia 

14.7  MPa 

Critical  Temperature 

716*F 

653  K 

Vapor  Pressure 

D.07  psia 
at  40*F 

0.483  kPa 
at  277.6  K 

0.28  psia 
at  77‘F 

1.92  kPa 
at  298  K 

0.31  psia 
at  80*F 

2.14  kPa 
at  299.8  K 

1.04  psia 
at  120*F 

7.17  kPa 
at  322  X 

2.9  psia 
at  160*F 

20  kPa 
at  344  K 

Kinematic 

Coefficient  of 

0.952  centistokes 
at  77*F 

9.52  X  10-7  m2/8 
at  298  K 

Absolute 

0.96  centipoises 
at  68*F 

9.6  X  10-^  Pa  s 
at  293  K 

Automdecomposition  Rust  Surface 

Temperature  Glass  Surface 

(air  at  1  atm) 

mm 

497  K 

543  K 

Flash  Point  Open  Cup 

Closed  Cup 

100  -  125. 6 'F 
lOO’F 

310  -  325  K 

310.9  K 

Flammability  Limits  Lower: 

,  Upper : 

4.7  volume  Xin  aii 
100  volume  Xin  aii 

r  at  212*F  (373  K) 
r  at  212*F  (373  K) 

Figure  B4-1  Physical  Properties  of  Hydrazine  (MW  ■  32.05  g  mol) 
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Boiling  Point 


Freesing  Point 


Density 


(Gas) 

(Liquid) 


Specific  Gravity  -  Vapor 
(relative  to  STP  air) 


Critical  Density 


Critical  Pressure 


Critical  Tenperature 


Vapor  Pressure 


Coefficient  of 
Viscosity 


Kineisatlc 


Absolute 


Autoignition  Temperature 
(air  at  1  atm) 

Flash  Point 


Flammability  Limits 


Closed  Cup 
Open  Cup 

Lower: 

Upper: 


189. 5*F 


-65 'F 


7.334  Ib/gal 
at  68*F 


1.59 
at  32*F 


2.42  Ib/gal 


1194  psia 


593. 6*F 


0.31  psia 
at  40*F 


1.0  psia 
at  80*F 


3.1  psia 
at  120*F 


7.9  psia 
at  160’F 

0.97  centlstokes 
at  77*F 

0.85  centipoises 
at  68*F 

382»F 


360.7  K 


210  K 


0.8788  Mg/m3 
at  293  K 


1.59 

at  293  K 


0.29  Mg/m3 
8.24  MPa 
585  K 


2.14  kPa 
at  277.6  K 


6.9  kPa 
at  299.8  K 


21.4  kPa 
at  322  K 

54.5  kPa 
at  344  K 

9.7  X  10-7  a2/g 
at  298  K 

8.5  X  10-*  Pa  s 
at  293  K 

467.6  K 


255  K 
274  K 


2.5  volume  Xin  air 
98  volume  Xin  air 


Figure  B4-2  Physical  Properties  of  tfffi  (NW  ■  46.07  g  mol) 
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Boiling  Point 


Froasing  Point 


Danaity 


(Gas) 

(Litjuid) 


Spacific  Gravity  -  Vapor 
(ralativa  to  STP  air) 


Critical  Density 


Critical  Pressure 


Critical  TenperatUre 
Vapor  Pressure 


Coefficient  of 
Viscosity 


Kinematic 


Absolute 


Autoignition  Temperature 
Flash  Point 


Open  Cup 
Closed  Cup 


Flannability  Limits 


Lower: 

Upper: 


146 ‘F 


-71 ‘F 


6.6  Ib/gal 
at  77*F 


2.1 

at  32*F 


786  psia 


482*F 


0.3  psia 
at  0*F 


1.0  psia 
at  40*F 


3.1  psia 
at  80*F 


8.4  psia 
at  210*F 


0.65  centistokes 
at  77*F 


0.56  centipolses 
at  68’F 


336.5  K 


215.9  K 


0.791  Mg/ra3 
at  298  K 

2.1 

at  273.15  K 


5.42  MPa 


523  K 

2.07  kPa 
at  255.4  K 


6.90  kPa 
at  277.6  K 


21.4  kPa 
at  299.8 


57.9  kPa 
at  372  R 


6.5  X  10-7  a2/g 
at  298  K 


5.6  X  10-^  Pa  s 
at  293  K 

523  K 

258  K 
274  K 


2  volume  Xin  air 
90  volume  Xin  air 


B4-18 


Boiling  Points  N2Hi^) 

235*F 

146 ‘F 

386  K 

336  K 

Freeslng  Point^^) 

18.8*F 

266  K 

Density  (Gas) 

(Liquid )^^^ 

56.1  lb/ft3 

0.399  Mg/m^ 

Specific  Gravity  -  Vapor 
(relative  to  STP  air) 

Critical  Density 

Critical  Pressure  (cal  c) 

1696  psia 

11.7  MPa 

Critical  Temperature  (cal  c) 

634‘F 

607.6  K 

Vapor  Pressure^^) 

2.75  psia 
at  77*F 

18.97  kPa 
at  298  K 

Kinematic 

Coefficient  of 

Absolute^^) 

0.817  centipoise 
at  77*F 

8.17  X  10-^  Pa  s 
at  298  K 

Autoignltlon  Temperature 

Flash  Point 

Flammability  Limits  Lower: 

Upper: 

(1)  Fuel  blend  is  not  a  constant  boiling  nixture 

(2)  Measured  on  samples  of  the  fuel  blend  of  typical  composition  (51.01) 


N2H4,  48.5XUDMH,  and  C.5XH2O 

(3)  Fuel  blend  composition  (5I.OXN2H4,  48.4XUCMH,  and  O.6XB2O) 


Figure  B4-4  Physical  Properties  of  Aerosine-SO  Fuel  Blend 
(Average  MW  45.0  g  mol) 
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CHAPTER  B5 
NITROMSTBANE 


B5.1  PROPERTIES 
B5.1.1  Identification 

Nitromethane  has  a  chemical  formula  of  CH3N02>  It  is  conmerciall^ 
available  in  grades  from  95  to  99X  purity  (References  1*  2).  The  molecular 
weight  of  nitromethane  is  61. OA  g  mol. 

B5.1.2  Cenftral  Appflftganfla.  and  Coupon  Ubcis 

Nitromethane  is  an  oily,  colorless  liquid  with  a  mild  fruity  odor.  It  is  used 
as  a  solvent,  fuel  additive  and  propellant. 

B5.1.3  Physical  and  Chemical  Properties 

The  physical  properties  of  nitromethane  are  listed  in  Figure  B5-1. 

BS. 1.3.1  Solubility  -  Nitromethane  is  slightly  soluble  in  water:  9.5g/100g 
water  at  298  K  (68*F).  It  sinks  and  mixes  slowly  with  water.  It  is  soluble  in 
alcohol , 


B5.1.3.2  Stability  -  Conditions  contributing  to  the  instability  of 
nitromethane  are  overheating  of  closed  containers,  and  exposure  to  heat  or 
flame.  Nitromethane  may  detonate  when  shocked. 

B5.1.3.3  Nitromethane  is  incompatible  with  amines,  strong  acids  and  alkalies 
which  may  sensitise  it  so  that  it  will  readily  explode.  Contact  with  strong 
oxidisers  may  cause  fires  and  explosions.  Mixtures  of  nitromethane  and 
hydrocarbons  are  highly  flammable.  Contact  with  some  metallic  oxides  may 
cause  decomposition  and  development  of  pressure. 

Special  precaution  should  be  taken  with  liquid  nitromethane  since  it  will 
attack  some  forms  of  plastics,  rubber  and  coatings. 

B5.1.3.A  Environmental  Fata  -  Nitromethane  that  evaporates  into  the 
atmosphere  would  be  absorbed  in  atmospheric  nraisture  and  washed  down  in  a 
rainfall.  In  soil  environments,  the  solubilised  nitromethane  would  be 
biodegraded.  In  surface  waters,  the  diluted  nitroswthane  solution  could  also 
be  biodegraded.  See  Section  B5.2.4. 

B5.2 

B5  2.1  Health  Bagarda 

B5.2.1.1  Toxicity  -  Contact  with  liquid  nitromethane  may  cause  irritation  of 
the  skin  or  eyes.  Breathing  large  amounts  of  the  vapor  may  cause  respiratory 
Irritation  or  breathing  difficulty.  In  cases  of  overexposure,  anesthesia  or 
convulsions  may  result.  It  may  also  cause  anorexia,  nausea,  vomiting,  and 
diarrhea.  Based  on  animal  exposures,  kidney,  liver  and  spleen  damage  are  also 
possible.  On  decomposition  nitromethane  emits  highly  toxic  fumes  of  oxides  of 
nitrogen.  It  is  not  considered  to  be  carcinogenic  (Reference  3). 
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B5.2.1.2  g.vp>«anra  Liaita  «  The  threshold  liait  value-tisM  weighted  average 
(TLV-TWA),  is  100  ppa  (250  ng/m^)  and  the  IDLH  value  is  1000  ppm  (2500 
teg/a^)  (Reference  5,  6  end  7)  and  :he  IDLH  value  is  1000  ppm  (2500 
ng/m^).  The  lOLll  value  is  ''iasaediatelj  dangerous  to  life  or  health," 
meaning  that  It  is  the  naximun  level  from  which  one  could  escape  in  30  minutes 
without  escape-impairing  a]mptoma  or  any  irreversible  health  effects 
(Reference  5).  The  TLV-STEL  is  150  ppm  (375  mg/a^). 

B5.2.2  Fire  and  Combustion  Product  Hazard 

Nitroaethane  poses  a  moderate  fire  hasard  when  exposed  to  heat  or  flasM 
(Reference  8).  it  has  an  autoignition  teaperature  of  691  K  (78A*F)  and  a 
flash  point  of  308  K  (95*F).  Contact  with  oxidising  materials  nay  cause  fire 
or  explosion.  A  nitronethane  epill  is  a  fire  hasard  and  a  persistent  source 
of  toxic  vapor.  Toxic  gases  such  as  oxides  of  nitrogen  and  carbon  monoxide 
are  released  in  fires  involving  nitroaethane. 

B5.2.3  Explosion  Hasards 

Nitroaethane  poses  a  moderate  explosion  hasard  and  say  be  initiated  by  shock, 
heat,  or  flame,  its  vapors  have  a  lower  explosion  limit  of  7.3  percent. 
Overheating  in  a  closed  container  may  cause  detonation.  Amines,  strong  acids, 
and  alkalies  may  sensitise  it  to  initiation  of  an  explosion.  Contact  with 
Bietal  oxides  may  cause  decomposition  resulting  in  prassure  buildup.  It  can 
also  react  violently  with  AICI3  nixed  with  organic  matter,  Ca(0H)2 
Ca(0Cl)2,  hexanthylbensene ,  hydrocarbons,  inorganic  bases,  hydroxides, 
organic  amines,  KOH  and  NaOH.  (Reference  8). 

B5.2.4  EnYironBentgl  Effecta 

Nitronethane  in  an  equeous  waste,  would  be  biodegradable  in  a  biological 
wastewater  treatment  facility,  or  as  part  of  natural  wastewater  treatment 
purification  capabilities.  The  bio-oxidation  of  nitrosMthane  under  aerobic 
conditions  would  be  expected  to  produce  carbon  dioxide,  nitrates  and  water, 
all  harmless  byproducts  that  naturally  occur  in  surface  water  systems.  This 
biological  degradation  would  be  expected  provided  the  amount  spilAed  does  not 
exceed  the  capabilities  of  the  systems. 

B5.3  R£SEBm 

B5.A  RESERVED 

B5.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 
B5.5.1  Materials 

Nitronethane  in  itself  is  readily  capable  of  detonation  or  of  explosive 
decomposition  or  explosive  reaction  at  normal  temperatures  and  pressure 
(Reference  9).  Also,  contact  with  some  metallic  oxides  may  cause 
decomposition  and  developewnt  of  pressure  (Reference  3,  12,  14  and  15). 
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SI  UNITS 

Boiling  Point 

214‘F 

374.3  K 

Freezing  Point 

-20.2*F 

244  K 

Density  (Gas) 

(Liquid) 

9.35  lb /gal 
at  77*F 

1.12  Mg/m3 
at  298  K 

Specific  Gravity  -  Vapor 
(relative  to  STP  air) 

1.139 

1.139 

Critical  Density 

Critical  Pressure 

915.1  psia 

6.311  MPa 

Critical  Temperature 

599*F 

588  K 

Vapor  Pressure 

Kinematic 

Coefficient  of 

Absolute 

Autoignition  Temperature 

784. 4*F 

691  K 

Flash  Point  (Closed  cup) 

95*F 

308  K 

Flammability  Limits  Lower: 

Upper: 

7.3  percent  by  voi 

.ume  in  air 

Figure  B5-1  Fhyplcal  Properties  of  Nitroroeth&ne  (MW  ■  61.04  g  mol) 
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CHAPTER  B6 
ETHYLENE  OXIDE 


B6.1  PROPERTIES 
B6.1.1  Identification 

Ethylene  oxide  (Oxiranei  1,2-epoxyethane)  is  essentially  100  percent  C2H4O 
(Reference  1).  The  molecular  weight  of  ethylene  oxide  is  44.05  g  mol. 

B6.1.2  General  Appearance  and  Common  Uses 

Ethylene  oxide  is  a  gas  at  room  temperature  and  a  clear,  colorless,  mobile 
liquid  at  lower  temperatures.  It  has  a  characteristic  ether-like  odor  that  is 
irritating  in  high  concentrations.  Ethylene  oxide  will  volatilise  rapidly  at 
atmospheric  temperatures  and  pressures.'  When  used  with  a  catalyst  and  as  a 
monopropellant,  it  is  a  gas  generator. 

B6.1.3  Chemical  and  Physical  Properties 

Refer  to  Figure  B6-1  for  the  physical  properties  of  ethylene  oxide. 

B6. 1.3.1  Solubility  -  Ethylene  oxide  is  completely  soluble  in  water  at  283  K 
(50*F). 

B6.1.3.2  Stability  -  Liquid  ethylene  oxide  is  stable  when  pure,  but  the 
vapor  will  explode  when  exposed  to  common  igniters.  See  Section  B6.1.3.3 
below. 


B6. 1.3.3  Reactivity  -  Ethylene  oxide  gas  is  flammable  in  air  in  all 
proportions  above  three  percent  by  volume.  It  is  a  reactive  material,  forming 
compounds  with  water,  alcohols,  amines  and  organic  and  mineral  acids. 

Ethylene  oxide  can  violently  polymerize  exothermally  in  the  presence  of  such 
materials  as  pure  anhydrous  chlorides  of  iron,  tin  and  aluminum,  oxides  of 
iron,  aluminum  and  magnesium,  the  alkali  metal  hydroxides  and  weak  acids. 
Before  it  becomes  nonflannable,  liquid  ethylene  oxide  onist  be  diluted  with  a 
quantity  of  water  which  is  22  times  it  voluine. 

B6. 1.3.4  Environmental  Fate  -  Ethylene  oxide  is  a  colorless  gas  at  room 
temperature.  The  general  mode  of  entry  into  the  environment  could  be  either 
by  air  or  water;  however,  its  major  transportation  mode  would  be  by  air.  In 
air,  the  lifetime  of  ethylene  oxide  would  be  very  short,  as  it  is  rapidly 
degraded  by  hydroxyl  radicals  in  the  atmosphere.  Ethylene  oxide  in  surface 
waters  would  be  quickly  hydrolyzed  to  ethylene  glycol. 

B6.2  HAZARDS 

B6.2.1  Health  Hazards 

B6.2.1.1  Toxicity  -  The  gas  will  cause  eye  and  nasal  irritation  when  present 
in  excessive  amounts.  The  liquid  or  solutions  on  the  exposed  skin  do  not 
cause  skin  Irritation  immediately,  but  when  spilled  in  the  shoes  or  on  the 
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clothing,  delayed  ekin  bums  can  occur  if  contaainated  clothing  and  shoes  are 
not  prosiptly  rasraved.  The  liquid  or  solutions  nay  cause  severe  eye  bums. 
Contact  has  been  knom  to  produce  skin  irritation  and  bums  from  its 
absorption  by  perspiration  in  areas  of  aoisture  and  heat  about  the  body.  When 
excessive  anounts  of  ethylene  oxide  are  inhaled,  they  have  a  general 
anesthetic  effect  as  well  as  causing  coughing,  due  to  irritation  of  the 
respiratory  systen.  The  victim  nay  becosM  nauseated  and  vosiit.  “High 
concentrations  can  catise  pulaxmary  edema"  (Heference  2). 

B6.2.1.2  EatpQsu^e ,  Liatti 

B6. 2. 1.2.1  Threshold  Limit  Value-Time  Weiyhtad  Average  fTLV-TWA)  (Referencas 
3,  4.  5  and  6)  -  The  TLV-TWA  is  1  ppm  (2  ag/m*)"  The  IDLH  is  BOO  ppm  (1600 
mg/m^).  Ethylene  oxide  is  now  listed  as  a  suspected  carcinogen. 

B6.2.1.2.2  Emergency  Exposure  Limits  (Reference  6)  -  The  emergency  exposure 
limit  (EEL)  defines  the  “single  brief  accidental  expesurea  to  air-bome 
contaminants  that  can  be  tolerated  without  permanent  toxic  effects.  These 
limits  are  not  intended  to  replace  accepted  safe  practices  and  should  be 
accompanied  by  appropriate  medical  surveillance"  (Reference  6). 

60  minutes  250  ppm  (500  mg/m^) 

30  minutes  400  ppm  (800  mg/m^) 

10  minutes  650  ppm  (1250  ng/rn^) 

B6.2.1.3  Special  Medical  tnfnrmstlon  -  The  reactions  and  injuries  resulting 
from  skin,  eye  aiid  systemic  ethylene  oxide  exposures  are  nonspecific. 

Treatment  is  based  on  clinical  evaluation  of  the  patient  and  the  system 
affected.  Contradictory  evidence  from  animal  data  suggests  the  possibility  of 
liver  and  kidney  damage. 

B6.2.2  Eire  and  Combustion  froduet  Hasards 

Ethylene  oxide  has  a  flash  point  below  255.4  K  (0*F)  and  an  autoignition 
temperature  of  702  K  (804*F).  It  is  flammable  at  any  concentration  above  3 
percent  in  air.  Because  of  the  wide  flammability  limits  and  relatively  high 
vapor  pressure  of  the  material,  flammable  mixtures  will  be  produced  by  spills 
at  all  prevailing  temperatures.  Firefighting  personnel  must  be  provided  with 
respiratory  and  eye  protection  because  of  the  toxicity  and  volatility  of  the 
material . 

Ethylene  oxide  can  react  with  oxidising  awterials.  Ignition  of  ethylene  oxide 
vapor  may  be  prevented  by  diluting  the  vapor  with  gases  such  as  nitrogen  to 
point  below  the  flammable  limit.  Such  a  gas  must  be  free  of  impurities  such 
as  air,  acetylene,  sulfur,  hydrogen  sulfide,  water  or  aaaunia.  Ignition  from 
static  sparks,  fire  and  heat  must  be  guarded  against  by  adequate  electrical 
insulation,  heat  insulation,  approved  (regulating  authority)  bonding  and 
grounding,  and  automatic  water-spray  systems,  fire  fighting  should  be  done 
from  an  explosion-resistant  location.  Water  should  be  used  from  unmanned 
monitors  or  hose-holders  to  keep  fire-exposed  containers  cool. 
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B6.2.3  Ibtploaion  Hagarda 


Liquid  ethylene  oxide  is  not  sensitive  to  mechanical  shock,  but  its  vapor 
explodes  when  exposed  to  an  electric  spark,  static  electricity,  heat,  or  an 
open  flame.  HiJttures  of  vapor  and  air  are  more  explosive  than  vapor  alone 
thus  storage  tanks  and  equipment  must  be  kept  free  from  air. 

Ethylene  oxide  may  decompose  and/or  polywerixe  violently  when  in  contact  with 
active  catalytic  surfaces,  such  as  anhydrous  chlorides  of  iron,  tin,  and 
aluminum,  oxides  of  iron  and  alvninum,  metallic  potassium,  alkali  metal 
hydroxides,  acids  and  organic  bases.  Above  302.6  K  (85*F)  the  reactions  are 
accelerated  aud  may  result  in  an  explosion. 

B6.2.4  Environmental  Effects 

A  test  of  ethylene  oxide  at  UO  kg/m^  (2.49  Ib/ft^)  for  96  hours 

showed  no  adverse  effects  on  fish.  Ethylene  glycol,  its  hydrolysis  product, 
in  a  similar  test  at  100  kg/m^  (6.24  Ib/ft^)  showed  no  adverse  effects. 
Ethylene  oxide  has  a  low  partition  coefficient  and  is  therefore  probably  not 
bioaccumulative.  The  rate  of  reaction  of  ethylene  oxide  in  the  environment  is 
so  rapid,  that  exposures  and  effects  are  considered  low  level. 

B6.3  RESERVED 

B6.4  fi£S£BSEC 

B6.5  ttATERIALS  AMP  EQtflfMENI  CQMFATIPILITY 

Ethylene  oxide  is  a  very  flammable  gas  at  normal  conditions.  Ethylene  oxide  is 
in  itself  capable  of  explosive  reaction  but  ''“'juires  a  strong  initiating 
source,  or  must  be  heated  under  confinement  before  initiation.  It  is  also 
sensitive  to  thermal  shock  at  elevated  temperatures  and  pressures.  Contact 
with  oxidizing  materials  may  result  in  fires  (Reference  16).  Metal  fittings 
containing  copper,  silver,  or  mercury  or  magnesium  should  not  be  used  in 
ethylene  oxidize  service,  since  traces  of  acetylene  could  produce  explosive 
acetylides  capable  of  detonating  ethylene  oxide  vapor  (References  18,  19). 

36.5.1  Materials 

B6.5.1.1  Metals  -  Containers  for  the  storage  and  transfer  of  ethylene  oxide 
may  be  constructed  of  any  of  the  following  acceptable  metals: 

a.  Mild  steel,  properly  protected  to  prevent  rust  rormatlon. 

b.  Pure  aluminum  (99. 6X  pure  or  better) 

c.  Stainless  steel  (316,  420,  440) 

The  following  metals  must  not  be  used  with  ethylene  oxide: 

a.  Stainless  steel  (416  and  442) 

b.  Copper  and  copper  alloys 
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c.  Magnesium  and  magnesium  alloys 

d.  Silver  and  silver  alloys 

e.  Cast  iron 

B6.5.1.2  Non-Ratals  >  Non-metals  r^-ommended  for  use  with  ethylene  oxide  are 
as  follows: 

a.  When  temperature  does  not  exceed  344  K  (160*F) 

(1)  Glass 

(2)  Chlorotrif luoroethylene  (Kcl-F),  Halon  CTF  or  equivalent 

(3)  Tetraf luoroethylene  (Teflon)  TFE,  Halon  TFE  or  equivalent 

b.  For  periods  of  short  duration  or  intermittent  use,  and  at  ambient 
temperatures  only: 

(1)  Buan  N  synthetic  rubber 

(2)  Nylon 

(3)  Polyvinyl  butyral 

B6.5.1.3  Lubricants  -  Fluorinated  hydrocarbon  lubricants  should  be  used  for 
ethylene  oxide  equipment.  Petroleum-based  lubricants  are  not  recommended. 

B6.5.2  Equiment 

B6.5.2.1  Containers  -  Storage  tanks  for  ethylene  oxide  should  be  constructed 
of  mild  steel,  properly  protected,  stainless  steel  or  pure  aluminuai.  Tanks 
should  be  lagged  with  non-combustible  insulation.  Glass  wool  is  the  preferred 
insulation  material. 

B6.5.2.2  Pumps  and  Hose  -  Centrifugal  pumps,  gravity  flow,  or  Inert 
pressurizing  gas  may  be  used  when  the  tanks  are  equipped  with  bottom  outlets. 

A  minimum  flow  bypass  valve  on  the  pisnp  discharge  line  should  be  provided. 

Commercially  available  vaporizers  may  be  used  for  producing  gaseous  ethylene 
oxide.  The  pump  should  be  explosion  proof. 

Hoses  constructed  of  materials  listed  in  section  B6.5.1  nay  be  used. 

B6.5.2.3  Lights  -  Temporary  portable  extension  cords  with  lights,  used  in 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  th« 
Bureau  of  Mines. 

Flashlights  or  storage  battery  lamps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  Bureau  of  Mines,  or  as  accepted  by  ’:he  current 
edition  of  the  National  Electrical  Code  (Reference  20). 
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B6.5.2.4  Pipes  and  Flttinaa  -  All  pipes  and  fittings  should  be  made  of 
approved  materials  (See  Section  B6.5.1),  and  must  be  hydrostatically  tested 
for  a  working  pressure  of  at  least  1V034  MPa  (150  psig).  All  pipe  connections 
should  be  either  welded  or  flanged,  the  flange  being  welded  to  the  pipe. 
Threaded  connections  should  be  avoided,  especially  where  directly  exposed  to 
liquid  ethylene  oxide.  Liquid  ethylene  oxide  lines  should  be  insulated  to 
prevent  condensation  of  air  or  excessive  heat  transfer.  Ethylene  oxide  piping 
should  be  clearly  identified  (Reference  18). 

B6.5.2.5  (baskets  -  Gaskets  may  be  made  of  chlorotrifluoroethylene  (Kel-F), 
tetraf luoroethylene  (Teflon)  TFE,  Balon  CTE  or  TFE,  or  equivalent  materials 
(See  Section  B6.5.1.2). 

B6.5.2.6  Pressure  Gauges  -  Approved-type  pressure  gauges  should  be  of 
compatible  materials.  In  order  to  minimise  operator  reading  errors,  all 
pressure  gauges  used  for  a  common  purpose  should  have  Identical  scales. 

B6.5.2.7  Valves  -  The  valves  should  be  fabricated  from  approved  construction 
materials  (See  Section  B6.5.1)  and  should  be  tested  for  at  least  1.034  MPa 
(150  psig).  The  valves  may  be  of  gate,  globe,  plug,  or  ball  type;  if  either 
gate  or  globe  type  valves  are  used,  the  stem  packivig  material  must  be 
compatible  with  ethylene  oxide. 

% 

B6.5.2.8  Venting  Systems  and  Pressure  Relief  -  All  vents  and  pressure-relief 
systems  should  be  extended  to  the  atmosphere  and  should  be  protected  by 
approved  flame  arresters.  Each  vent's  termination  should  be  at  a  height  and 
location  that  will  give  adeqxiate  protection  to  personnel  and  buildings;  they 
should  be  sized  according  to  the  specifications  given  in  National  Fire  Codes 
(Reference  13,  14  and  15). 

B6.5.2.9  Grounding  -  All  vehicles,  propellant  containers,  missiles,  filling 
hoses,  electrical  equipment,  pumps,  etc.,  should  be  grounded  to  safely 
discharge  static  accumulations.  The  resistance  to  grou  :  mid  be  checked 

and  logged  regularly. 
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PROPERTY 

mm  1  imi ■!  ii  ■ 

SI  UNITS  _ 

Boiling  Point 

! 

51*F 

283.7  K 

Freceing  Point 

-170  -  -168*F 

160.9  -  162  K 

Density  (Gas) 

(Liquid) 

7.4  lb /gal 
at  5i4 

0.887  Ng/m3 
at  283.7  K 

Specific  Gravity  -  Vapor 
(relative  to  STP  air) 

1.5  s- 

Critical  Density 

2.7  Ib/gal 

0.32  Mg/m3 

Critical  Pressure 

1042  paia 

7.19  MPa 

Critical  Temperature 

383 ‘F 

468  K 

Vapor  Pressure 

4.2  paia 
at  0*F 

29  kPa 
at  255.4  K 

11.5  psia 
at  40*F 

79.3  kPa 
at  277.6  K 

27.0  psia 
at  80*F 

186  kPa 
at  299.8  K 

55.0  psia 
at  120»F 

379  kPa 
at  322  K 

Kinematic 

Coefficient  of 

Viscosity  - 

Absolute 


Autoignition  Temperature 
(air  at  1.0  atm) 


Flash  Point  (Open  Cup) 

Flammability  Limit  (includes 
explosive  range  vhere  applicab 


Decomposition  Temperature 
(pure  vapor  at  1.0  atm) 


0.31  centistokes 
at  51*F 

3.1  X  10-7  m2/s 
at  283.7  K 

0.28  centipoises 
at  51*F 

2.8  X  10-^  Pa  s 
at  283.7  K 

804*F 

702  K 

0*F 

255.4  K 

3-100%  by  volume 
in  air  at  68*F 

60-100  g/m3 

1060*F 
(14.7  psia) 

844  K  (101  kPa) 

Figure  B6-1  Physical  Properties  of  Ethylene  Oxide  (MW  ■  ^4.05  g  mol) 
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CHAPTER  B7 
OTTO  FUEL  II 


B7.1  PROPERTIES 
B7.1.1  Idontificatioa 

Otto  Fuel  II  is  a  stable •  liquid  nonopropellant  composed  of  a  nitrate  ester  in 
solution  with  a  desensitising  agent  and  a  stabiliser.  The  chemical 
composition  and  specifications  for  Otto  Fuel  II  are  Hated  in  Table  B7-1  and 
HIT.-0-82672)(0S)  (Reference  1  and  2). 

Table  B7-1  Chemical  Requirements  (Moisture-Free  Basis) 


COMPONENT 

REQUIRI 

MINIMUM 
(X  by  wt) 

SMENTS 

MAXIMUM 
(X  by  wt) 

Propylene  glycol 
dinitrate 

75.8 

76.2 

2-Nitrodiphenylamine 

1.4 

1.6 

Di-n-butyl  sebacate 

22.2 

22.8 

Sodium 

0.8 

B7.1.2  General  Aaoearance 

Otto  Fuel  II  is  a  bright-red,  free-flowing  oily  liquid  which  is  heavier  than 
water.  When  in  a  thin  layer  (i.e.,  spill,  stain,  or  leak),  Otto  Fuel  is  a 
yellow^range  color. 

B7.1.3  Chemical  and  Physical  Properties 
Refer  to  Figure  B7-1  for  physical  properties. 

B7. 1.3.1  Solubility  -  Otto  Fuel  II  is  insoluble  in  water  for  all  practical 
purposes.  It  is  also  Insoluble  in  ethylene  glycol  and  propylene  glycol.  It 
is  slightly  soluble  in  fuel  oil,  heptane,  kerosene  and  petroleum  ether.  Otto 
Fuel  II  is  soluble  in  acetone,  alcohols,  bensene,  carbon  tetrachloride, 
chloroform,  dibutyl  pthalate,  gasoline,  methylene  chloide,  toluene,  and 
trichloroethylene . 

B7.1.3.2  Stability  -  Otto  Fuel  II  is  thermally  stable  at  temperatures  up  to 
339  K  (150*F)  for  several  years,  up  to  355  K  (180*F)  for  a  few  months,  and  up 
to  394  K  (250*F)  for  perhaps  30  minutes.  Above  394  K  (250*F)  there  is  danger 
of  exothermic  decomposition. 
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At  tenperaturea  axceedlng  416  K  (290*F)  rapid  ixotharmlc  dacompoaitlon  will 
occur  with  containor  rupture  and  fire  aa  a  very  likely  conaequence.  The 
atoraga  life  of  Otto  Fuel  T.I  is  dependent  upon  time  and  temperature  aa  shown 
in  Table  B7-2.  A  sample  of  Otto  Fuel  II  has  been  held  at  a  temperature  of  323 
K  (.i22*F)  for  over  seven  years  with  no  sign  of  deleterioua  effects.  A  "safe 
life"  in  excess  of  100  years,  based  on  high  temperature  stability  studies,  has 
been  predicted  for  Otto  Fuel  II  held  at  323  K  <122*F). 

B7.1.3.3  Reactivity  -  Otto  Fuel  II  la  a  noncorrosive  liquid  smnopropellant 
with  an  extremely  low  vapor  pressure  which  minimises  the  explosive  and  toxic 
hasards  usually  associated  with  other  monopropellanta.  Otto  Fuel  has  a  high 
flash  point  and  other  safety  characteristics  which  permit  it  to  be  classified 
as  a  relatively  low  fire  hazard  material. 

In  developing  the  monopropellant,  the  Ingrecients  were  selected  to  minimise 
the  possibility  of  the  components  being  separated  and  leaving  a  possibly 
hazardous  material.  For  example,  all  components  are  insoluble  in  water  so 
that  a  spill  cleaned  up  with  water  does  not  leave  an  explosive  residue.  The 
components  have  essentially  the  same  vapor  pressure;  the  vapor  pressure  of  the 
energy  containing  constituent  being  slightly  higher. than  that  of  the 
deaensitizer  (di-n-butylsebacate)  and  stabiliser  (2-nitrodiphenylamine).  The 
energetic  ingredient  would  therefore  be  the  first  to  evaporate  on  heating  and 
would  leave  a  completely  stable  residue. 

It  h.>s  been  proven  that  although  Otto  Fuel  can  be  made  to  detonate,  the 
conditions  and  stimulus  required  are  so  extreaw  that  it  is  considered  a 
nonexplosive,  relatively  low  fire  hazard,  for  shipping  and  storage  purposes. 
Otto  Fuel  II  is  routinely  shipped  by  commercial  carriers  as  a  nonregulated 
.Item,  chemical  NOIBN  (Net  Otherwise  Indexed  By  Name). 

B7.1.3.4  Environmental  Fate  -  Otto  Fuel  is  a  stable  liquid  that  is  insoluble 

in  water.  Its  transport  in  the  environment  in  water  would  be  expected  to  be 
limited,  due  to  this  hydrophobicity.  In  a  land  spill,  the  Otto  Fuel  would 
probably  absorb  into  clays  and  biological  particles  rather  than  leach 
downward.  In  a  surface  water  spill,  the  Otto  Fuel  would  be  sorbed  into  bottom 
sediments.  In  small  concentrations,  the  Otto  Fuel  should  be  biodegradable 
both  in  surface  water  and  in  the  soil  (Reference  3). 

B7.2  'iAZAKCS 


E7.2.1 


Otto  Fuel  II  is  relatively  safe  to  handle.  The  ingredient  of  medical  concern 
In  Otto  fuel  II  is  the  nitrated  ester,  propylene  glycol  dinitrate  (PGDN). 
Nitrated  esters  are  known  for  their  acute  effects  on  the  human  body  (Reference 
4). 
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Table  B7-2  Safe  Life  of  Otto  Fuel  II  at  Various  Temperatures 


STORAGE 

MINIMUM  SAFE  LIFE  (DAYS) 

TEMPERATURE 

364  K  (195*F) 

24 

355  K  (180*F) 

112 

347  K  (165*F) 

500 

33P  K  (150*F) 

2,256  (6  yrs) 

330  K  (135*F) 

10,000  (27  yrs  predicted) 

323  K  (122«F) 

37,500  (102  yrs  predicted) 

B7.2.1.1  Toxicity  -  Toxic  effects  may  occur  from  the  inhalation  of  Otto  Fuel 
II  vapors,  absorption  from  direct  skin  contact  or  ingestion.  Severity  of 
these  effects  may  vary  with  the  concentration,  time  of  exposure,  and 
temperature  of  the  propellant.  OTTO  Fuel  II  causes  vasodilatation  and  may 
produce  low  levels  of  methemoglibin  (Reference  4). 

Intoxication  results  in  a  characteristically  intense,  throbbing  headache, 
presumably  owing  to  cerebral  vasodilatation,  often  associated  with  dizsiness 
ard  nausea,  and  occasionally  with  vomiting  and  abdominal  pain.  More  severe 
exposure  also  causes  hypertension,  flushing  palpitation,  low  levels  of 
methemoglobinemia,  delirium,  and  depression  of  the  central  nervous  system. 
Aggravation  of  these  symptoms  after  alcohol  ingestion  has  been  observed.  Upon 
repeated  exposure,  a  tolerance  to  headache  develops  but  is  usually  lost  after 
a  few  days  without  exposure.  Ingestion  can  cause  death  or  at  least  severe 
disorders  of  the  gastrointestinal  tract,  mucous  membranes,  and  severe  nausea 
(Reference  2). 

B7.2.1.2  Exposure  Limits 

B7. 2. 1.2.1  Threshold  Limit  Values  -  The  TLV  is  0.05  ppm  (0.3  mg/m^)  for 
propylene  glycol  dlnitrate,  the  energetic  component  of  OTTO  Fuel.  The 
TLV-STEL  is  0.1  ppm  (0.6  mg/m^)  (References  5,6,  7  and  8)  (skin  warning  for 
HCN),  (Reference  6).  In  concentrations  above  100  ppm  (110  mg/m^)  it  can  be 
absorbed  through  the  skin.  Measured  concentrations  of  HCN  in  Otto  Fuel 
operational  areas  are  normally  below  10  ppm  (Reference  9). 

B7.2.1.3  Special  Medical  Information  -  In  the  event  of  spills  solvents  must 
never  be  used  to  cleanse  Otto  Fuel  II  from  the  skin  because  they  speed 
absorption  into  the  skin  and  accelerate  and  magnify  the  effects  of  the 
exposure . 
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B7.2.2  Flra  and  Combuatlon  Product  Hazards 


Otto  Fuel  II  is  classified  as  a  relatively  low  fire  hesard  by  military  service 
regulations.  Attempts  to  bum  Otto  Fuel  II  in  bulk  at  atmospheric  pressure 
and  temperatures  under  39A  K  (250*F)  have  been  unsuccessful;  however,  a  finely 
dispersed  spray  of  Otto  Fuel  II  can  be  ignited  in  an  oxygen-containing 
atawsphere.  Furthermore,  the  propellant  may  be  ignited  in  bulk  when  heated 
above  A02  K  (264*F).  When  porous  or  absorbent  materials,  such  as  paper,  rags, 
fiberglass,  are  present  to  act  as  a  wick,  Otto  Fuel  II  can  be  easily  ignited 
at  ambient  tempera ^.*jres .  The  by-products  from  the  cosibustion  of  Otto  Fuel  II 
include  carbon  monoxide  (CO),  carbon  dioxide  (C02)»  hydrogen  (82)*  methane 
(CH4,  and  hydrogen  cyanide  (HCN).  The  CO,  CO2,  and  HCN  gases  present 
toxic  hazzards  to  personnel. 

B7.2.3  Explosion  Hazards 

Otto  Fuel  II  can  be  detonated  when  a  sufficiently  strong  booster  is  employed. 
However,  an  exhaustive  series  of  tests  including  drop  tests,  projectile  impact 
tests,  bullet  impact  tests,  and  card  gap  tests  have  resulted  in  its 
classification  as  a  nonexplosive  (References  10  and  11).  Under  the 
reconmended  storage  conditions,  Otto  Fuel  II  presents  no  explosive  hazard. 
However,  when  highly  confined  (as  in  heavy-walled  steel  containers  with  no 
pressure-relief  device)  it  will  mass  detonate  if  a  sufficiently  strong  booster 
is  employed,  or  if  it  is  heated  above  its  decomposition  temperature.  Tanka 
must  be  equipped  with  pressure  relief  devices  to  prevent  internal  pressure 
buildup  over  414  kFa  (60  psig). 

B7.2.4  Environmental  Effects 

The  Otto  Fuel  is  a  nitrated  ester  with  a  stabilizer  and  a  desensitizer.  In 
the  environment,  a  simple  nitrated  ester  would  be  biodegradable.  However  the 
other  constituents  of  the  Otto  Fuel  may  cause  its  somewhat  persistence. 
Biodecomposition  products  of  the  nitrated  ester  would  include  nitrates,  which 
are  very  mobile  anions  in  soil-water  systems,  and  hydrocarbons,  which  are 
biodegradable.  Larger  spills  into  surface  waters  could  have  serious  effects 
on  the  aquatic  life,  including  the  fish. 

B7.3  RESERVED 

B7.4  RESERVFJD 

B7.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 

Otto  Fuel  II  must  be  stored  in  fixed  or  mobile  drums  or  tanks  of  approved 
design  and  construction  and  made  with  properly  selected  materials  (Reference 
12). 

B7.5.1  Materials 

B7.5.1.1  Metals  -  Most  coinnon  metals  may  be  used  with  Otto  Fuel  II;  however, 
long-term  contact  with  copper-based  metals  is  to  be  avoided. 
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Non-Matala  -  The  following  non-metals  are  approved  for  Otto  Fuel  II 


87.5.1,2 
usage: 

a.  Teflon-impregnated  asbestos 

b .  Fluorocarbons 

c.  Polyethylene 

d.  Glass 

e .  Natural  rubber 

f.  Butyl  rubber 

g .  Ethylene-propylene  rubber 

The  following  materials  should  be  avoided: 


a.  Vlton  -  excessive  swelling,  but  not  hasardous 

b.  Buna-N  -  excessive  swelling,  but  no  hasard 

c.  Neoprene  -  swells  slightly,  but  no  hasard 

d.  Polysulfide  rubber  -  chemically  incompatible 


B7.5.1.3  Lubricants  -  Most  fluorocarbon-based  and  silicon-based  lubricants 
may  be  used  with  Otto  Fuel  II,  petroleum-based  lubricants  are  to  be  avoided. 


B7.5.1.A  Paint  -  Epoxy  paints  appear  to  offer  the  greatest  protection 
against  Otto  Fuel  II.  Any  epoxy  paint  conforming  to  MIL-P-22808A  (Reference 
13)  is  recommended.  To  ensure  satisfactory  service,  any  previously  untested 
paint  should  be  subject  to  tests  with  Otto  Fuel  II  prior  to  use.  A  minimum  of 
three  coats  of  fully  cured  epoxy  paint  has  been  found  to  provide  adequate 
protection  for  concrete  surfaces. 

Enamel,  water-base  latex,  and  varnish  should  be  avoided.  Although  they  do  not 
react  chemically  with  Otto  Fuel  II,  the  fuel  does  remove  the  paint  finish. 

B7.5.2  Equipment 

Otto  Fuel  II  can  be  stored  in  either  fixed  or  mobile  drums  or  tanks  of 
approved  design,  materials,  and  construction;  and  suitably  housed.  All 
storage  areas  should  be  equipped  with  impervious  flooring  and  must  be  kept 
neat  and  free  from  any  trash  and  combustibles.  These  must  be  inspected 
frequently  and  safety  regulations  must  be  strictly  enforced.  All  leaks  and 
spills  must  be  cleaned  up  at  once. 

B7.5.2.1  Containers  -  Storage  tanks  should  be  of  high-quality  welded 
construction,  made  of  compatible  materials,  and  should  be  properly  tested  for 
leaks  prior  to  service.  The  tanks  must  be  equipped  with  pressure  relief 
devices  to  prevent  internal  pressure  build-up  over  AlA  kPa  (60  pslg). 

Copper-based  alloys  are  not  approved  for  tank  construction. 

B7.5.2.2  Pumps  and  Hose  -  When  pumps  are  used  in  the  Otto  Fuel  II  system, 
only  pumps  and  shaft  materials  suitable  for  this  service  should  be  used.  In 
general,  ensure  cooling  oil  used  in  stator  housing  is  compatible  with  Otto 
Fuel  II.  Ensure  that  internal  seals  will  not  allow  contaminants  to  bypass 
filter  element. 


Hose  should  also  be  compatible  with  Otto  Fuel  II  and  constructed  of  approved 
materials  listed  in  Sections  B7.5.1.1  and  B7.5.1.2. 
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B7.5.2.3  Llfhta  -  Temporary  portable  extenalon  cords  with  lights f  used  in 
inspecting  the  interior  of  containers ,  should  be  of  a  type  approved  by  the 
Bureau  of  Hines. 

Flash  lights  or  storage  battery  lamps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  Bureau  of  Mines,  or  as  accepted  by  the  current 
edition  of  the  National  Electrical  Code  (Reference  lA). 

B7.5.2.A  Pipes  and  Fittings  -  Pipes  and  fittings  should  be  made  of  approved 
materials  and  should  be  pressure  tested  prior  to  use.  Flanged,  welded  AN- type 
connections  are  suitable.  Threaded  connections  are  acceptable  but  not 
recomnended. 

B7.5.2.5  Gaskets  -  Teflon-impregnated  asbestos,  Kel-F,  Teflon,  polyethylene, 
butyl  rubber,  and  silicon  rubber  may  all  be  used  in  Otto  Fuel  II  gaskets. 
Polysulfide  rubber  is  to  be  avoided. 

B7.5.2.6  Pressure  Gauges  -  Standard-type  pressure  gauges  can  be  ttsed  in  Otto 
Fuel  service.  In  order  to  minimize  operator  reading  errors,  all  pressure 
gauges  used  for  a  comuon  purpose  should  have  identical  scales. 

B7.5.2.7  Valves  -  Valves  must  always  provide  positive  closure;  ball,  plug  or 
the  balanced  poppet  designs  are  recommended.  All  wetted  parts  of  the  valve 
must  be  of  approved  materials.  Once  used,  valves  must  not  be  used  for 
transfer  or  storage  of  oxidizers. 

B7.5.2.8  Ventine  Systems  and  Pressure  Relief  -  In  a  pressure  system  only, 
aluminum  piping  segments  should  be  installed  on  each  side  of  the  transfer  pump 
as  detonation  traps.  These  "soft"  sections  in  the  system  should  provide 
protection  against  detonation  propagation.  Design  of  these  sections  will  be 
such  that  they  conform  in  size  to  the  remainder  of  the  system  but  with  wall 
thickness  sufficiently  thin  to  insure  that  these  sections  will,  in  fact,  be  a 
"weak  link." 

B7.5.2.9  Grounding  -  All  electrical  equipeient  should  be  properly  grounded. 
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J  ’  111  J  lU  J 

M  Ij  1  ^  I 

Boiling  Point 

Freezing  Point 

-18.A*F 

245  K 

Density  (Liquid) 

10.28  Ib/gal 
at  77*F 

1.23  Mg/m3 
at  298  K 

Specific  Gravity 
(relative  to  water  <■  1) 

1.23 

Critical  Density 

N/A 

Critical  Pressure 

N/A 

Critical  Temperature 

N/A 

Vapor  Pressure 

0.0877  mm  Hg  77*F 
(1.7x10~3  psla) 

11.7  Pa 
at  298  K 

Surface  Tension 

6.33x103 

poundal/ln  at  77*F 

34.45  dynes /cm 
at  298  K 

Water  Saturation  Point 

0.31X  at  77 T 

Kinematic 

Coefficient  of 

3.285  centistokes 
at  77*F 

3.285xl0-'> 
u2/8  at  298  K 

Absolute 

4.04  centlpolsed 
at  77*F 

4.04  x  10“3 

Pas  at  298  K 

Autoignition  Temperature 

Flash  Point  (Cleveland  Open  Cup) 

265»F 

403  K 

Flammability  Limits  Lower: 

Upper : 

(1)  Depending  on  water  content,  data  given  for  sample  containing  O.lX  of  water. 


Figure  B7-1  Physical  Properties  of  Otto  Fuel  II 
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CHAPTER  B8 

HYDROGEN  (AND  DEUTERIUM) 


Compressed  hydrogen  and  deuterium  safety  ahould  incorporate  the  fire  and 
explosion  hasards  discussed  below  and  the  precautions  given  in  CPIA  39A,  Vol. 
Ill,  Appendix  F-29  for  compressed  gases.  Liquified  deuterium  is  similar  to 
liquid  hydrogen  in  its  safety  considerations. 

B8.1  PROPERTIES 

Knowledge  of  the  general  properties  of  liquid  hydrogenis  of  value  to  all 
personnel  concerned  with  its  handling  or  storage. 

B8.1.1  Identification 

The  hydrogen  molecule  (H2)  (molecular  weight:  2.016  g  mol)  exists  in  two 
forms,  ortho  and  para,  depending  on  the  relative  direction  in  which  the  nuclei 
of  the  atoms  spin.  As  ortho  hydrogen  changes  to  para-hydrogen,  heat  is 
released.  This  heat  would  increase  venting  requirements,  but  current  use  of 
catalysts  at  production  facilities  has  eliminated  the  problem  by  producing 
almost  pure  para-hydrogen  in  liquid  fora.  This  is  commonly  called  equilibrium 
hydrogen  (082).  Equilibrium  liquid  hydrogen  is  99.79  percent  para-hydrogen 
and  0.21  percent  ortho-hydrogen.  Military  Specification  M1L-P-2720IB  covers 
liquid  hydrogen  (Reference  1).  Deuterium  (D2  or  D)  (molecular  weight:  A. 032 
g  mol)  is  a  stable  Isotope  of  hydrogen  with  an  atomic  weight  of  2.  One  atom 
of  deuterium  is  found  mixed  with  6000  ordinary  hydrogen  atoms. 

B8.1.2  General  Appearance  and  Common  Uses 

High-purity  liquid  hydrogen  is  a  transparent,  colorless,  odorless  liquid. 

When  observable,  it  is  ustially  boiling  vigorously  because  of  its  low  boiling 
point,  and  when  exposed  to  the  atmosphere  it  creates  a  voluminous  cloud  of 
condensed  water  vapor.  Hydrogen  is  used  as  a  rocket  fuel,  for  welding,  for 
production  of  hydrochloric  acid,  and  for  the  reduction  of  metallic  ores. 

B8.1.3  Ehvaical  and  Chemical  Properties 

The  physical  properties  of  hydrogen  is  given  in  Figure  B8-1  (References  2,  3, 
A,  5,  6). 


B8. 1.3.1  Sclubility  -  All  known  substances  are  essentially  insoluble  in 
liquid  hydrogen.  Helium  is  slightly  soluble  (about  1  percent  in  pressurized 
liquid  storage  tanks). 

68.1.3.2  Stability  -  Liquid  hydrogen  is  chemically  stable.  Because  of  its 
low  boiling  point,  it  is  physically  stable  only  when  stored  under  suitable 
conditions.  When  stored  in  properly  designed  containers,  the  2A  hour 
evaporation  rate  may  be  as  low  as  1.5  percent,  or  less,  for  a  3.78A  m^  (1000 
gal)  container. 


B8.1.3.3  Raactlvltv  >  Liquid  hydrogon  is  non-corrotivs.  It  will  forra 
coabustible  mixtures  with  oxidizers.  Bydrogen  gss  is  combustible  with  sir 
over  s  wide  rsnge  of  mixtures.  Liquid  or  gsseous  hydrogen  will  Ignite 
spontsmeously  with  either  liquid  or  gsseous  fluorine  snd  chlorine  trifluoride. 

B8.1.3.4  Environments!  Fste  -  There  srs  no  cuncsms  in  this  sres. 

B8.2  HAZARDS 

B8.2.1  Heslth  Hez^rds 

The  low  temperature  of  liquid  hydrogen  msy  csuse  frostbite  when  the  liquid t  or 
uninsulated  piping  containing  it,  contacts  the  skin.  In  the  gsseous  form, 
hydrogen  acts  as  a  simple  asphyxiant.  It  can  be  breathed  in  high 
concentrations  without  producing  systemic  effects.  However,  if  the 
concentration  is  high  enough  to  significantly  reduce  the  amount  of  oxygen 
normally  present  in  the  air,  the  effects  of  oxygen  deprivation  will  be 
produced  (Reference  7). 

B8.2.2  Fire  and  Product  Haaards 

A  fire  hazard  always  exists  when  hydrogen  gas  is  present.  Hydrogen-air 
mixtures  containing  as  little  a  4  percent  or  as  much  as  73  percent  hydrogen  by 
volusM  are  readily  ignited.  Hydrogen-oxygen  mixtures  are  flammable  over  the 
range  of  4  to  94  percent  hydrogen  by  volume.  When  no  impuritiofi  are  present, 
hydrogen  bums  in  air  with  an  invisible  flame.  In  enclosed  spaces,  all 
personnel  must  be  evacuated  when  the  atmosphere  reaches  10  percent  of  the  LBL 
(lower  explosive  limit  -  same  as  lower  limit  of  f lasmiability). 

B8.2.3  Explosion  Hazards 

Unconfined  hydrogen-air  mixtures  generally  bum  rapidly  but  without 
detonation,  when  initiated  by  heat,  spark,  or  flame.  Since  hydrogen  diffuses 
rapidly  by  air,  it  will  not  form  persistent  flaamable  mixtures  when  the  liquid 
evaporates  in  open,  unconfined  areas.  However,  in  confined  areas,  or  when 
ignition  of  the  hydrogen-air  mixture  is  caused  by  a  shock  source  equivalent  to 
a  blasting  cap  or  small  explosive  charge,  the  mixture  can  detonate. 

An  explosion  hazard  can  exist  if  liquid  hydrogen  is  contaminated  with  solid 
oxygen  or  solidified  oxygen-enriched  air,  formed  by  exposure  of  the  liquid 
hydrogen  to  air  or  oxygen. 

B8.2.4  Environmental  Effects 

There  are  no  concerns  in  this  area. 

B8.3  RESERVED 

B8.4  RESERVED 

B8.5  MATERIALS  AND  EQUIPMENT  COMfATlBILlIY 
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B8.5.1  Matariali 


Th«  ability  of  loatarlals  to  retain  satisfactory  physical  properties  at  liquid 
hydrogen  temperatures  and  to  withstand  thermal  stresses  caused  by  large 
temperature  changes  Is  of  prime  Importance.  Where  hydrogen  is  used*  special 
equipment  complying  with  pertinent  Industrial  standards  must  be  provided. 
Buildings  where  cylinders  of  hydrogen  are  stored  should  be  Isolated  and  used 
solely  for  that  purpose  when  practicable. 

B8.5.1.1  Metals  -  The  ferrous  alloys t  except  for  the 

austenitlc-'nlckel-chromiuffl  alloys,  lose  their  ductility  when  subjected  to  the 
low  temperatures  of  liquid  hydrogen  and  become  too  brittle  for  this  service. 
Metals  used  for  this  service  are  as  follows: 

stainless  steel  (300  and 
other  austenitic  series) 
copper 
bronse 
brass 

B8.5.1.2  Non-Metals  -  Nonnetal  materials  must  also  be  selected  to  withstand 
the  low  temperature  of  liquid  hydrogen.  Non-metals  found  suitable  for  this 
service  are  as  follows: 

polyester  fiber  (Dacron  or  equivalent) 

tetrafluoroethylene  (TFE,  Halon  TFE,  Teflon,  or  equivalent) 
unplasticised  chlorotrlfluoroethylene  (Kel  F,  Halon  CTF,  or  equivalent) 
asbestos  impregnated  with  TFE 
Mylar  or  equivalent 
nylon 

B8.5.1.3  Lubricants  -  Lubricants  are  generally  not  practical  in  the  presence 
of  liquid  hydrogen,  for  they  solidify  and  become  brittle  at  liquid  hydrogen 
temperature.  Vacuum  grease  is  satisfactory  as  a  sealant  with  "0"  rings. 

Based  on  (Reference  11).  Molybdate  may  be  used  with  liquid  hydrogen. 

B8.5.2  fiquiBBent 

B8.5.2.1  Containers  -  Liquid  hydrogen  containers  should  be  of  approved 
design  and  materials. 

B8.5.2.2  Pumps  and  Hose  -  Only  pumps  and  shaft  seals  specifically  designed 
and  qualified  by  test  for  use  with  liquid  hydrogen  should  be  used.  Hoses 
should  be  of  a  proper  design  and  engineered  specifically  for  liquid  hydrogen 
service. 


Monel 

aluminum,  pure 
Everdur  (copper  alloy) 
Inconel  286 


B8.5.2.3  Lights  -  Temporary  portable  extension  cords  with  lights,  used  in 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
T^ureau  of  Hines. 

Flash  lights  or  storage  battery  lamps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  Bureau  of  Hines,  or  as  accepted  by  the  current 
edition  of  the  National  Electrical  Code  (Reference  12). 
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S8.S.2.4  Plp««  nd  Flttlnya  -  Pipes  and  fittings  should  be  of  approved 
SMterials  and  construction  and  should  be  hydrostatically  tested  at  prescribed 
pressures.  Welded  as  well  as  welded  flanged  connections  are  recoasended. 
Butectic  brasing  procedures  are  satisfactory  with  stainless  steel.  Threaded 
connections  should  be  avoided,  especially  where  directly  exposed  to  liquid 
hydrogen  tenperatures .  Liquid  hydrogen  lines  should  be  insulated  to  prevent 
condensation  of  air  or  excessive  heat  transfer.  All  lines  in  which  liquid 
hydrogen  aay  be  trapped  between  closed  valvos  should  be  equipped  with  safety 
relief  devices. 

B8.S.2.5  Caskets  -  Caskets  isay  be  swde  of  the  Baterial  listed  in  Sections 
B8.5.1.1  and  B8.5.1.2,  depending  upon  the  application. 

B85.2.6  Pressure  Caugea  >  Liquid  hydrogen  systesis  should  be  aonitored  with 
approved  types  of  pressure  gauges,  as  required.  Clean  standard  gauges 
equipped  with  blowout  backs  and  plastic  face  plates  and  with  proper  bourdon 
tube  aaterial  are  acceptable.  In  order  to  ainiaise  operator  reading  errors, 
all  pressure  gauges  used  for  coaaon  purpose  should  have  identical  scales. 

B8.5.2.7  SaIxsa  Valves  must  conform  to  particular  specifications,  for 
their  use  with  liquid  hydrogen.  Extended  stea,  glohe-type  or  fate-type  valves 
SLe  recoassended ,  but  plug-type  or  ball-type  valves  aay  also  be  used.  It  aust 
be  possible  to  purge  valves  efficiently.  Also,  they  aust  have  an  adequate 
packing  design  to  provide  good  sealing  and  to  prevent  plugging  or  air 
condensation. 

B8.S.2.8  Venting  Svatew  «nd  Pressure  Relief  -  In  general,  vessels  which 
contain  liquids  (or  gases  of  low  boiling  point)  should  be  individually 
relieved.  However,  where  two  or  more  vessels  are  connected  by  piping  without 
valves  the  group  may  be  treated  as  a  whole.  Relief  valves  should  be  connected 
into  the  vapor  space.  The  relief  valve  setting  should  be  such  as  to  protect 
the  vessel  or  vessels  involved  and  should  be  slsed  for  operating  emergencies 
or  exposure  to  fire.  Common  practice  is  to  vent  through  an  approved  flare 
stack. 


B8.5.2.9  Grounding  -  Since  hydrogen-air  and  hydrogen-oxygen  mixtures  are 
highly  flttionable,  all  stationary  or  mobile  tanks  should  be  bonded  and  grounded 
to  prevent  ignition  by  static  electricity.  The  ground  resistance  should  be 
monitored  regularly. 
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itEm_ 


Boiling  Point 

-423*F 

20.4  K 

Freezing  Point 

-435 «F 

13.7  K 

Density  (Gas) 

(Liquid)'^^ 

0.59  Ib/gal 
at  -423''F 

0.07077  Mg/m*"’ 
at  20.4  K 

Specific  Gravity  -  Vapor 
(relative  to  STP  air) 

0.07 
at  32*F 

0.07 

at  273.15  K 

Critical  Density^^^ 

0.262  Ib/gal 

0.03142  Mg/m3 

Critical  Pressure 

188  psia 

1.30  MPa 

Critical  Temperature 

-400*F 

33  K 

Vapor  Pressure 

1.9  psia 
at  -433*F 

13.1  kPa 
at  14.8  K 

14.7  psia 
at  -423*F 

ICl  kPa 
at  20.4  K 

23.7  psia 
at  -420*F 

163  kPa 
at  22  K 

120  psia 
at  -405 *F 

827  kPa 
at  30.4  K 

163  psia 
at  -402»F 

1.12  kPa 
at  32  K 

Kinematic 

Coefficient  of 

0.20  centistokes 
at  -423 ’F 

2.0  X  10-7  „2/b 
at  20.4  K 

Absolute 

0.014  centipoises 
at  -423*F 

1.4  X  10-5  Pa  8 
at  20.4  K 

Auto ignition  Temperature 
(air  at  1  atm) 

1075*F 

853  K 

Flash  Point 

Flammability  Limits  Lower*.  4  percent  by  volume  in  air  (3.2  g/m^) 

at  68*F  (293*K)  Upper*  75  percent  by  volume  in  air  (60  g/m^) 


Figure  358-1  Physical  Properties  of  Hydrogen  (MW  =  2.016  g  mol) 


■■  :x 14  4  i  11)  C74I 

31  UNITS 

Volume  Expansion  (Liquid) 

B.P.  to  gas 

at  70*F,  840:1 

Vapor  Density^3) 

0.083  lb/ft3 

1.3295  kg/n3 

at  -423*F 

at  20.4  K 

Gas  Densltyt^) 

0.0056  lb/ft3 

8.97  X  10-2  kg/m3 

(1)  Density  decreases  to  53.9  kg/m^  (0.45  Ib/gsl)  at  30.4  K  (-405*f)  where 
vapor  pressure  is  827.6  kPa  (120  psla) 

(2)  See  Reference  5 

(3)  1.02  tlaes  heavier  than  air  at  273  K  (32*F) 

(4)  14.5  tines  lighter  than  air  at  273  K  (32*F) 


Figure  B8-1  Physical  Properties  of  Hydrogen  (MW 


2.016  g  nol) (continued) 
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CHAPTER  B9 
THE  BORANES 


B9.1  PROPERTIES 
B9.1.1  Identification 

Diborane  (B2Hg)  is  also  known  as  diboron  hexahydride  and  boroethane.  The 
propellant  grade  contains  approximately  99  percent  by  weight  diborane;  the 
remainder  is  dissolved  hydrogen  and  higher  boron  hydrides.  No  military 
specification  covers  this  grade.  The  siolacular  weight  of  dibcrane  is  27.67  g 
mol. 


Pentaborane  (B5H9)  is  also  known  as  pentabonm  anhydride,  and 
pentaborane-'9.  The  propellant  grade  contains  99.0  percent  by  weight 
pentaborane  and  1.0  percent  dissolved  solids  (siaxinmir).  Military 
Specification  MIL-P-27403,  (Reference  1)  "Propellant,  Pentaborane,"  covers 
this  grade.  The  molecular  weight  of  pentaborane  is  63.13  g  mol. 

B9.1.2  General  Appearance 

Diborane  is  a  colorless  gas  at  room  temperature  and  a  pressi.cc  of  one 
atmosphere,  and  it  has  a  characteristic  pungent  odor. 

Pentaborane  is  a  clear  colorless  liquid  and  has  a  characteristic  pungent  odor. 
B9.1.3  Physical  and  Chemical  Properties 

69.1.3.1  Solubility  -  Diborane  is  completely  hydrolysed  in  seconds  when  the 
gas  is  brought  into  contact  with  water.  Diborane  is  soluble  without  reaction 
in  dry  hydrocarbon  solvents  such  as  pentane  and  hexane.  With  oxygenated  or 
halogenated  solvents,  diborane  is  soltible  but  may  form  shock'-sensitive 
mixtures . 

Pentaborane  is  soluble  without  reaction  in  hydrocarbon  solvents  such  as 
kerosene,  hexane,  benzene,  and  toluene.  With  oxygenated  or  halogenated 
solvents,  pentaborane  is  soluble  but  forms  shock-sensitive  mixtures.  It  is 
Insoluble  in,  but  reacts  with,  water. 

B9.1.3.2  Stability  -  In  the  absence  of  air  or  contaminants,  diborane  is 
stable  indefinitely  at  193  K  (-112*F).  At  room  temperature,  diborane 
decomposes  slowly.  Hydrogen  inhibits  diborane  decomposition.  At  temperatures 
above  573  K  (572*?),  diborane  decomposes  rapidly  into  its  elements.  It  reacts 
readily  with  water  and  forms  a  mist  of  boric  acid  when  in  contact  with  moist 
air.  Diborane,  by  Itself,  is  insensitive  to  shock. 

In  the  absence  of  air  or  contaminants,  pentaborane  is  stable  at  room 
temperature.  It  decomposes  at  423  K  (302*F),  but  not  explosively.  Small 
amounts  of  oxygen  or  moisture  will  cause  solid  deposits  to  form  in  pentaborane 
and  metal  oxides  affect  its  stability.  Pentaborane,  by  itself,  is  insensitive 
to  shock. 
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B9.1.3.3  Raactlvlty  -  Dlboran«  Is  s  strong  rsdueing  sgsnt  snd  resets 
violently  with  oxidieers.  It  Is  pyrophoric  in  sir.  Diborane  hydrolyses 
rapidly  in  contact  with  water.  It  is  hypergolic  with  hydrssine  snd  oxygen 
difluoride.  Diborane  is  toxic  both  as  a  liquid  and  as  a  vapor. 

Pentsborane  will  react  with  any  organic  conpound  containing  a  reducible 
functional  group.  It  swy  react  explosively  or  fora  shock-sensitive  solutions 
with  highly  halogenated  or  oxygenated  solvents  such  as  carbon  tetrachloride, 
trichlorethylene,  acetone  and  other  ketones,  aldehydes  and  carbon  disulfide, 
it  reacts  with  hydrasine  and  other  aainea.  it  is  pyrophoric  in  air. 
Pentsborane  hydrolyses  slowly  in  water  at  rooa  taaperature  but  at  elevated 
teaperatures  it  can  be  hydrolysed  coapletely.  The  addition  of  dioxane  or 
alcohols  greatly  enhances  the  hydrolysis. 

B9.1.3.A  Knvirnn^ntal  Fate  -  Diborane  exists  as  a  gas,  and  pentsborane  a 
liquid  at  rooa  teaperatures.  Both  diborane  and  pentsborane  are  pyrophoric  in 
air.  As  ataospherlc  pollutants,  therefore,  only  borate  and  other  oxidised 
boron  ioras  would  be  expected.  Although  there  are  occupational  suggested 
liaits  on  boron  oxide  and  borates  in  the  workplace,  there  are  no  anbient  air 
quality  standards  as  such.  As  ataospherlc  pollutants,  however,  boron 
coapounds  would  be  expected  to  wash-out  and  be  returned  to  land  in 
precipitation  events.  Di  and  pentsborane  rapidly  hydrolyse  to  borates  and 
hydrogen  in  water.  The  hydrogen  would  probably  vaporise  into  the  atnosphere, 
and  the  bnratea  would  react  with  substances  in  the  water. 

B9.2  HAZARDS 

B9.2.1  Health  Hazards 

B9.2.1.1  Toxicity  -  Diborane,  pentaborane,  and  related  boranes  are  highly 
toxic  by  inhalation,  ingestion,  and  skin  and  eye  contact. 

B9.2.1.2  topDime  liiaitg 


B9. 2. 1.2.1  Threshold  Limit  Valuas-Tiae  Weighted  Averayea  and  Short  Tern 
Exposure  Limits  (Reference  3,  4  and  5) 


diborane(TWA) 
diborane (IDLE) 
pen taborane ( TWA ) 
pen  taborane ( STEL ) 
pen taborane ( IDLH ) 


0.1  ppn  (0.1  ng/M^) 

40  pppn  (40  ng/n^) 
0.005  ppn  (0.01  ng/ai3) 
0.015  ppn  (0.03  ng/n^) 
3  ppn  (6  ng/m^) 


Threshold  linit  values  for  all  of  the  alkyl  boranes  have  not  been  established; 
in  view  of  their  high  toxicity.  It  is  likely  that  any  values  set  (TLV-TWA) 
will  be  very  low,  i.e.,  on  the  order  of  0.01  parts  per  million  (ppn). 
Appropriate  precautions  must  be  taken  to  prevent  cutaneous  absorption. 
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(Reference  6) 


B9.2.1.2.2  Emerfeacv  1 


Dlborane 


Fentaborane 
(Reference  7) 


10  minutes 
30  minutes 
60  minutes 
5  minutes 
15  minutes 
30  minutes 
60  minutes 


10  ppm  (10  mg/m^) 
5  ppm  (5  mg/m^) 

2  ppm  (2  fflg/m^) 

25  ppm  (50  mg/m3) 
8  ppm  (16  mg/ffl^) 

4  onm  (8  me/m^) 


No  emergency  exposure  limits  have  been  set  for  other  related  boranes. 

B9.2.1.3  Special  Medical  Information  (References  8  through  16)  -  In  acute 
intoxication,  symptoms  usually  occur  promptly  after  exposure  but  can  be 
delayed.  Initial  symptoms  are  lightheadedness  with  loss  of  memory  and  may  be 
followed  by  headaches  and  nausea.  Nervousness,  muscle  tightness,  muscle 
tremors,  or  convulsions,  depending  on  the  degree  of  exposure,  may  occur.  A 
reserpine-like  depletion  of  neurotransmitter  amines  is  seen  in  animals  which 
show  an  initial  hypertension  followed  by  hypotension.  The  signs  of  central 
nervous  system  (CNS)  depression  sometimes  seen  as  a  sequel  to  pentaborane 
poisoning  in  humans  may  result  from  a  similar  mechcmlsm. 


Depressants  of  the  polysynaptic  pathways  in  the  spinal  cord  (such  as 
methocarbamol)  and  general  CNS  depressants  (such  as  barbiturates  and 
tranquilizers)  may  be  used  to  control  the  peripheral  muscular  CNS 
manifestations  .  Supportive  care  should  be  given  as  indicated,  keeping  in 
mind  the  possibility  of  a  reserpine-like  activity  similar  to  the  reaction  seen 
in  animals.  The  onset  of  symptoms  is  tisually  delayed  and  can  occur  up  to  24 
hours  after  exposure.  Frontal  headache  and  lightheadedness  is  followed  by 
general  signs  of  CNS  depression  such  as  drowsiness,  lethargy,  and  complete 
fatigue. 


B9.2.2  Fire  and  Combustion  Product  Hazards 

Diborane  is  a  very  flammable  gas  with  extremely  wide  combustion  limits.  It  is 
flammable  at  concentrations  between  0.8  and  98  percent  by  volume  in  air  and 
has  an  autolgnltlon  temperature  of  311  to  325  K  (100  to  126*F).  Due  to 
contaminants  or  moisture,  it  should  be  considered  pyrophoric  at  about  293  K 
(68*F).  Below  this  temperature,  diborane  may  not  be  spontaneously  flammable, 
but  may  be  ignited  by  a  static  npark,  heat  of  reaction,  or  heat  of 
absorption.  "Contact  with  aluminum,  and  other  active  metals  form  hydrides 
which  Ignite  spontaneously.  Diborane  reacts  with  many  oxidized  surfaces  as  a 
strong  reducing  agent"  (Reference  17).  Fires  involving  diborane  may  produce 
toxic  gases  and  vapors  such  as  boron  oxide  smoke  (Reference  17). 

Pentaborane  is  a  highly  flammable  compound  and,  for  all  practical 
considerations,  is  pyrophoric.  Its  flash  point  is  303  K  (86*F)  (pure  material 
in  closed  cup).  Impurities  cause  it  to  ignite  spontaneously  in  air.  It  has 
an  autoignition  temperature  of  308  K  (95*F)  for  the  pure  material,  and  a  lower 
flamnable  limit  of  0.42  percent  by  volume  in  air. 

Boranes  bum  more  intensely  and  are  more  dangerous  than  burning  hydrocarbon 
fuels.  Combustion  can  be  sustained  over  a  wide  range  of  conditions. 
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B9....3  latploalon  Haaarda 


If  ft  slgnlflcftnt  qtiantity  of  diborftne  becomes  mixed  with  air  before 
epoataneous  ignition  takes  place «  as  in  the  case  of  a  leftk*  there  will  be  an 
exploaive  ignition  followed  by  quiet  burning. 

Pentaboran<2t  is  usually  pyrophoric;  therefore,  explosive  concentrations  of 
vapor  are  not  normally  present  in  air.  The  decomposition  of  pentaborane  in 
atorage  containers  liberates  hydrogen  which  will  cause  pressure  build-up  in 
the  containers  if  not  relieved.  Excessive  pressure  build-up  should  be 
relieved  with  care  to  avoid  causing  a  fire  or  explosion.  Pentaborane  forma 
highly  explosive  mixtures  by  reaction  with  oxidisers.  Explosions  may  be  caused 
by  contact  with  halogens  or  halogenated  compounds  (Reference  17).  / 

B9.2.4  Eavironmmtal  Effects 

In  natural  surface  waters,  borates  form  cMiplexes  with  major  metal  cations  in 
the  water.  Boron  is  background  in  freshwater  and  seawater  in  concentrations 
up  to  5  g/m^  (3.1  X  10“^  Ib/ft^)  typically  as  a  sodium  or  calcium  borate 
salt.  Boron  is  an  essential  element  for  growth  of  plants,  although  long-term 
irrigation  would  show  some  daauige  to  sensitive  crops.  A  suggested  criterion 
for  freshwater  to  be  used  for  long-term  irrigation  of  sensitive  crops  is  0.75 
g/n^  (4.7  X  10'"^  Ib/ft^).  The  oiaximum  lethal  dose  for  minnows  exposed 
to  boric  acid  at  293  K  (68*F)  for  6  hours  was  19  to  20.2  fcg/m^  (1.12  to  1.19 

lb/ft3). 

B9.3  RESERVED 
B9.4  RESERVED 

B9.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 
B9.5.1  Mat&rlaig 

It  is  difficult  to  predict  the  compatibility  of  materials  under  ell  conditions 
and  it  is  recommended  that  preliminary  tests  be  conducted  prior  to  their  use. 
Materials  should  retain  satisfactory  physical  requirements  when  stored  in  "dry 
ice"  (i.e..  Solid  carbon  dioxide)  or  at  temperatures  greater  than  423  K 
(302*F).  It  should  be  noted  that  diborane  reacts  with  many  oxidised  surfaces 
as  a  strong  reducing  agent.  Pentaborane  reacts  with  oxidisers  to  form  highly 
explosive  mixtures.  Contact  of  diborane  and  pentaborane  with  air  or 
halogenated  compounds  will  cause  fires  and  explosions.  Both  may  ignite 
spontaneously  in  air  (References  26,  27).  Materials  are  listed  below  that 
have  proven  satisfactory  under  ordinary  conditions. 
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B9.5.1.1  MatalB  -  The  following  metals  and  alloys  are  recommended  for  use 
with  boranes: 


a .  Dlborane : 

brass 

nicVel 

K-Nonel 

Monel 

lead 

copper 


low  carbon  steel 
stainless  steel 
series  18-8 
stainless  steel 
series  300 


b.  Fentaborane  (These  alloys  may  be  anodised.): 


Aluminum  types. 


Stainless  steel  types. 


Titanium  alloys. 
Magnesium  alloys. 


505 2-S 

6061-T6 

7075-T6 

2024-T3 

3003-H14 

356-T6 

Cadmium  coated  (Reference  26) 
Ghromated  (Reference  26) 

302  (Reference  26) 

304  (Reference  26) 

321  (Reference  26) 

Series  18-8 
Rem-Cru  No.  C-llOAM 
Rem-Cru  No.  C-130AM 
Fed-QQ.  M-44A 

Fed-QQ.  M-S6A763  (Reference  26) 
Fed-QQ.  M-46A263 


Pure  aluminum 

Low  -  carbon  steels 

Cadmium  plated  steel  (Reference  26) 

Brass 

Chromium  -  (Reference  27) 

Copper  cobalt  alloy 
Iron 

Nickel,  nickel  alloy 

Hastelloy  No.  X-1258  (Reference  26) 

K  -  Monel 

Monel  M-8330-B,  Soft 
Nlchrome  "V" 


B9.5.1.2  Non-Metals  -  The  following  non-metals  have  been  used  successfully 
with  boranes: 


a .  Diborane : 


Saran 

Viton  A,  Fluorel,  or  equivalent 
asbestos-graphite  (Garlock  or  equivalent) 

tetraf luoroethylene  (TFE.  Halon  TFE.  Teflon,  or  equivalent) 
polychlorotrif luoroethylene  (Kel  F,  Hale "i  CTF,  or  equivalent) 
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b .  Pen  taborane : 

polychlorotrif luoroethylene  (Kel  F,  Halon  CTF,  oi  equivalent) 
fluoroailicone  rubbers,  Neoprene  rubber 

tetrafluoroethylene  (TFE,  Halon  TFB,  Teflon,  or  equivalent) 

glaaa 

pure  carbon 

Fluoroflex  T  or  equivalent 
Viton  A  and  B  or  equivalent 
Garlock  230  or  equivalent 
molybdenum  disulfide  (Reference  26) 

\ 

B9.5.1.3  Lubricants  •  -  The  follidwing  lubricants  may  be  used  with  boranes 
a  >  Oiborane : 


perfluorocarhon  lubricants 
b.  Pentaborane: 


graphite  (Reference  27) 
perfluorocarhon  lubricants 
Graph! tar  No.  39 
Rockwell  Nordstrom  Lube  No.  921 
Gulf  Harmony  Oil  Nos.  A4  and  69 
Hercules  No.  571  Kaobestos 

B9.5.1.4  Prohibited  Materials  -  The  use  of  the  following  materials  with 
boranes  is  not  reconoended: 

a.  Diborane: 
all  rubbers 

b.  Pentaborane: 


water^based  lubricants 
natural  rubber 
butyl  rubber 
GR-S  rubbers 

Garlock  Silicone  Rubber  No.  9383 
Buna  rubber 

nitride  rubber  or  nylon 

Mylar 

Tygon 

Saran 

neoprene 

silicones 

Fiberfrax  Nos.  XSW,  SLF 
Rubatex  No.  5.  G-207-N,  R-103-J 
Karoseal,  Viton  A 
Dow  Coming  Foam  R-7007,  R-7003 
Nopco  Foam  F-10,  B-49 
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Pittsburgh  -  Coming  Foamglaj 
Dow  .Coming  N«. .  916 

Dow  Coming  Silastic  Nos.  50-24-480  )  80-24-480 
Oarlock  Silastic  Nc.  250 

Rockwell  Nordstrom  Lube  Nos.  833,  F-21)  860,  386,  852-5,  P-S5,  942-S 

Johns-Hanvllle  Packing  Nos.  2008,  C-255 

Swedlow  Plastic  X5G-146-101 

Kel-F  5500,  3700  (Reference  27) 

vlnylldlne  plastics 

epoxy  cements 

graphite  and  carbon  with  binders 

c.  Th«  following  is  a  partial  list  of  solvents  which  will  form 
shock-sensitive  mixtures  with  pentaborane: 

chloroform  trichlorethane 

dioxane  special  fluorinated 

acetone  solvents 

aldehydes  trlchlorethyleue 

ketones  halogenated 

carbon  tetrachloride  compounds 

B9.5.2  Equipment 

B9.S.2.1  Containers  -  Boranes  may  be  stored  in  either  shipping  cylinders  or 
storage  tanks.  The  storage  tanks  are  to  be  designed  to  the  latest 
requirements  of  the  ASHE  Code  (Reference  28). 

a.  Diborane  is  a  liquified  compressed  gas  and  should  be  kept  at  a 
miximum  temperature  of  253  K  (-4*F)  to  prevent  decomposition. 

b.  Pentaborane  storage  tanks  should  be  designed  and  fabricated  in 
accordance  with  at  least  a  10  percent  volumetric  allowance  for 
ullage.  A  well  must  be  provided  at  the  bottom  of  each  storage  tank 
to  permit  almost  complete  drainage. 

B9.5.2.2  Pumps  and  Hoses 

a.  Diborane:  There  is  no  acceptable  pump  available  at  present  for 
diborane.  Tetraf luoroethylene  (TF'E)  or  polychlorotrif luoroethylene 
(CTFE)  lines  or  all-metal  bellows-type  hoses  may  be  used. 

b.  Pentaborane:  Canned  rotor  or  centrifugal  pumps  with  double 
mechanical  seals  or  packed  seals  of  grapbite,  TFE,  or  CTFE 
impregnated  asbestos  are  acceptable.  TFE  or  CTFE  lines  or 
all-metal  bellows-type  hoses  may  be  used.  Hoses  of  the  metal 
interlocking  type  should  be  avoided. 
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Storat*  and  handling  area  should  be  provided  with  personnel  emergency  showers, 
eye  baths,  fire  blankets,  portable  fire  extinguishers,  first  aid  kits,  and  a 
water  deluge  system,  preferably  of  the  fog  type.  Safety  equipswnt  should  be 
strategically  located  and  easily  accessible.  All  operating  personnel  should 
be  thoroughly  familiar  with  the  location  and  operation  of  each  piece  of  safety 
equlpSMent.  T.ie  operation  of  the  equipment  should  be  verified  periodically.  A 
reliable  borane  detector  should  be  used  to  help  in  monitoring  storage  and 
drainage  collection  points.  An  adequate  water  supply  should  be  provided  for 
flushing,  decontamination,  and  fire  fighting. 

B9.5.2.3  Lights  -  Temporary  portable  extension  cords  with  lights,  used  in 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
Bureau  of  Mines. 

Flashlights  or  storage  battery  lamps,  where  permitted  for  uce,  should  be  of 
the  safety  type  approved  by  the  Bureau  of  Mines,  or  as  accepted  by  the  current 
edition  of  the  National  Electrical  Code  (Reference  29). 

B9.5.2.A  Pipes  and  Fittings  -  Pipes  and  fittings  will  be  fabricated  of 
approved  material  and  installed  in  accordance  with  pertinent  codes.  All 
transfer  lines  should  slope  in  one  direction  to  prevent  the  accumulation  of 
boranes  in  places  that  cannot  be  easily  drained.  Nitrogen  taps  should  be 
provided  In  the  transfer  system  as  a  means  of  completely  purging  the  system. 

Flared,  welded,  or  flanged  fittings  are  preferred.  Threaded  pipe  fittings 
should  be  avoided  as  possible  sources  of  fuel  leakage.  All  Joints  and 
fittings  should  be  accessible  for  pressure  and  leak  tests.  Piping  and 
equipsient  systems  should  be  electrically  bonded  and  grounded.  Piping 
containing  boranes  should  be  clearly  identified. 

B9.5.2.5  Gaskets  -  Gaskets  and  O-rlngs  should  be  fabricated  of  approved 
materials  listed  in  Section  B9.5.1.2. 

B9.5.2.6  Pressure  Gauges  -  Pressure  gauges  must  be  of  approved  materials  and 
should  have  solid  case  front,  blow-out  back,  and  be  provided  with  a  surge 
shut-off.  In  order  to  minimize  operator  reading  errors,  all  pressure  gauges 
used  for  a  common  purpose  should  have  identical  scales. 

B9.5.2.7  Valves  -  Tlie  primary  considerations  for  selection  are  that  the 
valves  be  leakproof  and  made  of  compatible  materials.  Non-lubricated  valve 
designs  acceptable  for  use  with  other  toxic  and  corrosive  liquids  any  be  used 
with  boranes.  Valves  used  with  boranes  must  be  thoroughly  cleaned.  Inspected, 
and  tested  for  leaks  prior  to  installation  and  use. 

Particle  migration  is  a  problem  whenever  valve  parts  rub,  turn,  or  wedge  on 
plastic  sealing  materials  such  as  polychlorotrlf luoroethylene  or 
tetrafluoroethyiene.  This  can  cause  problems  in  seal  life  such  as  plugging  of 
minute  orifices  and  instruments  and  fouling  of  close-tolerance  fits. 

Migration  is  a  particular  problem  in  butterfly  and  soft-seated  gate  valves. 

Plug,  needle,  and  globe  valves  have  been  employed  satisfactorily  in  borane 
service. 
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B9.5.2.8  Vantlny  Systema  and  Fra«aura  Raliaf  -  V«nt  ^ases  containing  borane 
funaa  should  be  flared  or  scrubbed  with  a  3  to  5  percent  annonia  solution 
before  being  released  to  the  atmosphere.  For  safety  relief,  any  high  quality 
valve  with  good  relief-reset  characteristics,  constructed  of  approved 
materials,  may  be  used.  As  an  additional  relief  device,  rupture  discs  in 
parallel  with  the  valve  are  recommended. 

B.9.5.2.9  Grounding  -  Since  borances  are  highly  flammable,  all  stationary  or 
mobile  tanks  should  be  bonded  and  grounded  to  prevent  fuel  Ignition  bystatic 
electricity.  The  ground  resistance  should  be  monitored  regularly. 
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CHAPTER  BIO 
CARBON  MONOXIDE 


BiO.l  PROPERTIES  (References  1,2) 

BIO. 1.1  Idmtlficfttlon 

The  chemical  foneula  of  carbon  monoxide  is  CO.  It  is  formed  as  a  by-product 
of  combustion  and  is  toxic.  It  is  available  coimercially  in  five  grades 
ranging  from  98.0  mole  X  to  99.8  mole  X  as  a  nonliquified  gas.  The  molecular 
weight  of  CO  is  28.01  g  mol. 

BIO. 1.2  General  Appearance  and  Common  Uses 

Carbon  Monoxide  is  a  colorless,  odorless  gas  that  has  no  warning  properties  to 
alert  the  human  body  of  its  presence.  The  largest  amount  of  carbon  moniside 
is  industrially  utilised  in  fuel  gas  mixtures  with  hydrogen  and  other  gases 
for  heating.  It  is  also  used  in  the  oianufacture  of  a  variety  of  chemicals. 

BIO. 1.3  Physical  and  Chemical  Properties 

The  physical  properties  of  carbon  monoxide  are  listed  in  Figure  BlO-1. 

BIO. 1.3.1  Solubility  -  Carbon  monoxide  is  soluble  at  SIP  in  water  at  3.5 

g/lOOml  at  273  K  (32*F)  and  1.5  g/lOOml  at  333  K  (U0*F). 

BIO. 1.3. 2  Stability  -  Carbon  monoxide  is  stable  with  respect  to 

decomposition  into  carbon  and  oxygen.  At  673  to  973  K  (752  to  1292*F)  almost 
any  surface  is  sufficiently  active  to  cause  disproportionation.  It  oxidises 
to  carbon  dioxide  in  ambient  air. 

BIO. 1.3. 3  Reactivity  -  At  temperatures  of  573  to  1773  K  (572  to  2732*F) 

carbon  monoxide  reduces  many  metal  oxides  (like  those  of  cobalt,  copper,  iron, 
lead,  manganese,  molybdenum,  nickel,  silver  and  tin)  to  lower  metal  oxides, 
metals  or  metal  carbides.  Contact  with  strong  oxidisers  may  cause  fires  and 
explosions.  Carbon  monoxide  reacts  with  steam  to  give  carbon  dioxide  and 
hydrogen . 


BIO. 1.3. A  Environmental  Fate  -  Carbon  monoxide  emitted  into  the  environment 
is  ultimately  oxidized  to  carbon  dioxide. 

BIO. 2  HAZARDS 

BIO. 2.1  Health  Hazards 

BIO. 2. 1.1  Toxicology  -  Inhalation  may  cause  headache,  nausea,  dizziness, 

weakness,  rapid  breathing,  unconsciousness  and  death.  High  concentrations  may 
be  fatal  without  producing  significant  warning  symptoms.  Exposure  to  carbon 
monoxide  may  aggravate  heart  disease  and  artery  disease,  and  may  cause  chest 
pains  in  those  with  heart  disease.  Pregnant  women  are  more  susceptible  to  its 
effects.  The  effects  of  exposure  are  more  severe  when  involved  in  heavy 
labor,  at  high  temperatures,  or  at  altitudes  above  610  m  (2,000  ft).  Skin 
exposure  to  liquid  carbon  monoxide  may  produce  frostbite. 
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Carban  nonoxide  is  eliialnated  throush  the  lungs  when  elr  free  form  CO  is 
inhaled.  Over  half  the  CO  is  eliminated  in  the  first  hour,  when  the  exposure 
has  been  moderate. 

Concentrations  up  to  10  percent  of  CO-hemoglobln  in  the  blood  rarely  cause 
noticeable  symptoms.  Concentrations  of  20  to  30  percent  cause  shortness  of 
breath  on  moderate  exertion  and  slight  headache.  Concentrations  from  30  to  SO 
percent  cause  severe  headache,  mental  confusion  and  dissiness,  impairment  of 
vision  and  hearing,  and  collapse  and  fainting  on  exertion.  With 
concentrations  of  50  to  60  percent,  unconsciousness  results,  and  death  may 
follow  if  exposure  is  long.  Concentrations  of  80  percent  result  in  almost 
immediate  death.  For  additional  Information  see  SAX,  1981  (Reference  3). 

BIO. 2. 1.2  Exposure  Limits  -  Carbon  monoxide  has  a  threshold  limit  volume 

(TLV)  of  50  ppm  (55  mg/m^)  (References  4,  5  and  6)  and  STEL  of  400  ppm  (440 
mg/n3).  NIOSH  gives  35  ppm  (44  mg/m^)  as  the  10-hour  tisM  weighted 
average  (IWA)  value  and  a  200  ppm  ceiling.  The  IDLE  of  1500  pm  (1875  mg/m^) 
value  is  "ineiediately  dangerous  to  life  or  health,"  meaning  that  it  is  the 
maximuc  level  from  which  one  could  escape  in  30  minutes  without 
escape-impairing  symptoms  or  any  irreversible  health  effects  (Reference  7). 

BIO. 2. 1.3  Special  Medical  Tnfnrmsi-.inn  -  Carbon  monoxide  can  enter  the  body 
by  inhalation  or  by  contact  with  the  skin  when  in  liquid  form.  The  organs 
affected  are  the  cardiovascular  system,  lunge,  blood,  and  che  central  nervous 
system.  Symptoms  Include  headache,  tachy^ea,  nausea,  weakness,  dissiness, 
confuaion,  hallucination,  cyanosis,  depression,  ST  of  electrocardiogram, 
angina,  syncope,  and  frostbite  (for  liquid)  (Reference  2). 

BIO. 2. 2  Fire  and  Combustion  Product  Hasard 

Carbon  monoxide  has  an  autoignition  temperature  of  882  K  (1128*F).  Its 
flsmmable  limits  are  12.5  percent  to  74  percent  in  air.  It  is  a  fire  hasard 
when  exposed  to  flasw,  but  does  not  have  hasardoua  composition  products. 

BIO. 2. 3  Explosion  Hazard 

Reference  3  categorizes  CO  as  posing  a  severe  explosion  hazard  when  it  is 
exposed  to  heat  or  flame.  On  contact  with  strong  oxidizers  a  fire  or 
explosion  may  result. 

BIO. 2. 4  Environmental  Elfects 

Environmental  effects  of  carbon  monoxide  are  limited  to  areas  of  high 
concentration  where  it  can  pose  a  threat  to  unimal  life.  It  ia  one  of  the 
ambient  pollutants  used  to  indicate  pollution  alerts,  since  excess  ambient 
levels  impose  a  strain  on  human  respiration.  The  effects  are  greater  on 
persons  with  impaired  respiratory  sye terns  and  among  the  elderly. 

BIO. 3  RESERVED 

BIO. 4  RESmfiC 
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BIO. 5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY  (References  1,  11,  12,  13,  U, 
15,  17) 

BIO. 5.1  Materials 

Carbon  monoxide,  a  very  flammable  gas,  should  be  stored  in  tanks  or  cylinders 
of  approved  design  and  construction,  made  with  properly  selected  materials  and 
suitably  housed.  (See  A9  CFR  178.36,  178.37,  178.42  adn  178.45,  and  Section 
BIO. 9. 2.1.) 

Conditions  contributing  to  instability  consist  of  elevated  temperatures  which 
may  cause  cylinders  to  explode  (NIOSH).  Contact  with  strong  oxidizers  may 
cause  fires  and  explosions 

No  other  infonnation  is  available  at  this  time. 
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Bolling  Point 

-312. 7*F 

81.65  K 

Freezing  Point 

-326. 2*F 

74  K 

Density  (Gas)  at  b.p. 

0.272  lb/ft3 

4.36  kg/m3 

(Liquid)  at  b.p. 

49.41  lb/ft3 

0.7915  Mg/ra3 

Specific  Gravity  -  Vapor 
(relative  to  STP  air) 

0.9678  at  70*F 
and  14.7  psia 

0.9678  at  294  K 
and  101  kPa 

Critical  Density 

19.13  lb/ft3 

0.3064  Ng/m3 

Critical  Pressure 

504.6  psia 

3.48  NFa  absolute 

Critical  Temperature 

-220. 4*F 

132.9  K 

Vapor  Pressure 

14.7  psia  at 
-312. 8T 

101  kPa  at 

81.6  R 

Kinematic 

Coefficient  of 

0.0219  centistokes 
at  32*F  and  14.7 
psia 

2.1  X  10-8 
a^/s  at  273  R 
and  101  kPa 

Absolute 

0.0166  centipoise 
at  32*F  and  14.7 

psia 

1.66  X  10-5 

Pas  at  273  R  and 
101  kPa 

Autoignition  Temperature 

1128*F 

882  K 

Flash  Point 

Flammability  Limit  Lower: 

Upper : 

12. 5X  by  volume  ii 
74X  by  volume  in  i 

\  air 
rir 

Figure  BlO-1  Physical  Properties  of  Carbon  Monoxide  (MW  “  28.01  g  mol) 

(Reference  1) 
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CHAPTER  Bll 
OXYGEN 


Bii.i  mmms 
Bll. 1.1  Identification 

Propellant  grade  liquid  oxygen  (LOX  or  LO2)  contains  a  minimun  of  99.5 
percent  oxygen  (O2).  The  Marshall  Space  Flight  Center  requirecient  for  space 
vehicle  grade  oxygen  la  99.6  percent  minianan.  The  najor  inpurity  ix  argon. 
Military  Specification  MIL-P-25508E  "Propellant,  Oxygen,"  and  MSFC  SPEC-339 
Grade  1,  2,  01  3  (References  1  and  2)  covers  propellant  grade  oxygen.  The 
nolecular  weight  of  oxygen  is  32  g  nol. 

Bll. 1.2  General  Appearance  and  Cosmon  Use 

High  purity  liquid  oxygen  is  a  light-blue  transparent  liquid.  It  bolls 
vigorously  at  avMent  conditions  and  uninsulated  containers  are  ustxally 
frosted.  Oxygen  has  no  odor.  It  is  used  as  a  cryogenic  rocket  propellant 
oxidleer. 

Bll. 1.3  Physical  and  Chemical  Properties  (Reference  3) 

The  major  physical  properties  of  oxygen  are  listed  in  Figure  Bll-1. 

Bll. 1.3.1  Solubility  -  Most  comaon  solvents  are  solid  at  liquid  oxygen 

temperatures.  Liquid  oxygen  is  completely  miscible  with  liquid  nitrogen  and 
methane.  Light  hydrocarbons  are  usually  soluble  in  liquid  oxygen;  acetylene 
is  soluble  only  to  about  ^  parts  per  million. 

511.1.3.2  Stability  -  Liquid  oxygen  is  chemically  stable.  It  is  not 
shock-sensitive  and  will  not  decompose.  At  ordinary  temperatures  in  properly 
designed  containers,  the  24-hour  evaporation  rate  nay  be  as  low  as  1.4  percent 
from  a  1.7  m^  (450  gal)  container,  0.4  percent  from  a  5.1  m^  (1,350  gal) 
container. 


Bll. 1.3. 3  Reactivity  -  In  either  gaseous  or  liquid  form,  oxygen  is  a  strong 
oxidizer  which  vigorously  supports  combustion.  The  violence  of  some  reactions 
involving  liquid  oxygen  is  due  to  the  highly  reactive  oxygen-rich  atmosphere 
surrounding  the  liquid. 

Bll. 1.3. 4  Environmental  Fate  -  Oxygen  becomes  part  of  the  atmosphere. 

Bll. 2  HAZARDS 
Bll. 2.1  Health  Hazards 

The  health  hazards  of  liquid  oxygen  are  associated  with  its  very  low 
temperature.  The  low  temperature  of  liquid  oxygen  may  cause  frostbite  when 
the  liquid,  or  uninsulated  piping  containing  it,  contacts  the  skin.  Oxygen 
gas  will  not  cause  toxic  effects  in  propellent  operations,  except  that 
inhalation  of  very  cold  oxygen  gas  may  cause  some  irritation  to  the  upper 
respiratory  tract. 
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Bll.2.2  Flr«  and  Comhtution  Product  Hi^garda 


Liquid  oxygen  does  not  burn  but  vigorously  supports  combustion.  Normslly  it 
is  not  hyporgolic  vith  fuels.  Liquid  oxygen  will  cause  liquid  fuels  to  cool 
snd  freese  if  both  liquids  are  brought  together.  Such  a  mixture  of  froten 
fuel  and  liquified  oxygen  is  shock  sensitive  and  can  react  with  the  violence 
of  a  detonation.  This  haeard  must  be  considered  in  fire  control  and 
preventive  measures  taken  in  connection  with  spills  of  liquid  oxygen.  Fire 
blankets  must  not  be  used  to  cover  personnel  whose  clothing  is  impregnated 
with  oxygen.  Some  of  the  isaterials  that  can  react  violently  with  oxygen  are 
oil,  grease,  asphalt,  kerosene,  cloth,  wood,  paint,  tar,  and  dirt.  When 
working  in  an  oxygsn-rich  environment,  clothing  .jay  become  saturated  and  siay 
readily  ignite. 

Bll.2.3  Explosion  Hasatds 

When  mixed  with  liquid  oxygen,  all  materials  that  bum  represent  explosion 
hasards.  Those  mixtures  can  usually  be  exploded  by  static  electricity, 
mechanical  shock,  electrical  spark,  and  other  similar  energy  sources, 
particularly  when  the  mixtures  are  frozen.  All  personnel  involved  in  handling 
liquid  oxygen  should  be  made  awar*  that  the  ordinary  burning  of  rocket  fuels 
or  other  combustile  swterials  mixed  with  liquid  oxygen,  stay  progress  to  a 
detonation. 

Leaking  or  spllleo  liquid  oxygen  can  form  potentially  dangerous  high 
concentrations  of  oxygen  gas.  During  transfer  operations,  especially  when 
liquid  oxygen  enters  a  warm  system,  large  volumes  of  gas  may  be  formed  from 
"boil  off."  In  confined  areas,  static  electricity,  an  electrical  spark,  or 
flame  will  cause  mixtures  of  gaseous  oxygen  and  fuel  vapors  to  explode. 

When  liquid  oxygen  is  trapped  in  a  closed  system  and  refrigeration  is  not 
maintained,  pressure  rup.ure  may  occur.  Oxygen  cannot  be  kept  liquid  if  its 
temperature  rises  above  155  K  (-180. 4*F)  regardless  of  the  confining 
pressure.  Liquid  oxygen  trapped  between  valves  can  cause  the  pipe  or  tube  to 
rupture  violently.  Loss  of  refrigeration  may  lead  to  storage  tank  rupture  if 
the  oxygen  is  not  dumped  or  presstire-relieved  by  suitable  devices.  The  loss 
of  vacuum  in  vacuum  jacketed  tanks  can  cause  increased  evaporation  and  failure 
of  the  venting  system  if  the  system  la  inadequate  for  the  extra  flow. 


Bll.2.4 

Environment  Effects 

None 

Bll,3 

RESERVED 

B11.4 

R£S£BVEC 

B11.5 

MATERIALS  AND  EQUIPMENT  CQMgAIIBILITY 

Liquid  oxygen  is  classified  as  a  Ixquified  compressed  gas  for  transfer  and 
storage  purposed,  and  must  be  handled  and  stored  in  fined  or  mobile  containers 
of  approved  design,  materials,  and  construction. 
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HLl.5.1  Matttriala 


When  eelectiug  Mterlale  for  liquid  tervice«  coneideration  ihould  be  given  to 
phyilcal  properties  at  low  temperature,  and  the  reactivity  of  the  material 
with  liquid  oxygen.  The  ability  to  withstand  ttrose  concentrationa, 
particularly  those  resulting  from  sudden  temperature  changes,  is  important. 
Oxygen  in  air  may  create  a  dangerous  fire  hasard  if  it  escapes  or  leaks  into 
co^ustlbla  materials.  Compressed  oxygen  in  the  presence  of  oils  and  greases 
is  almost  certain  to  cause  fire  (Reference  6).  Liquid  oxygen  in  contact  with 
oxidising  materials  cause  explosion  (Reference  7). 

Bll.5.1.1  Metals  -  Metals  to  be  used  in  liquid  oxygen  equipment  should 
possess  satisfactory  physical  properties  at  extremely  low  operating 
temperatures.  The  following  metals  are  recomaiended  for  service  with  liquid: 


a .  Aluminum  and 

aluminum  alloy 

types 

1000 

3000 

5083 

5454 

6063 

2014 

5050 

5085 

5456 

7075 

2024 

5052 

5154 

6062 

b.  Stainless  steel  types 

304  316  304L 

310  321  304ELC 

c.  9  percent  nickel  steel  alloy 

d.  Copper  and  copper  alloys 

copper  aluminum  bronse 

naval  brass  cupro-nickel 

c.  Nickel  and  nickel  alloys 

nickel  Inconel-X 

Rene  41  Hastelloy  B 

K-Monel  Inconel  718 


f.  Titan  alloys  should  not  be  used. 

Bll.5.1.2  Non-Metals  (Reference  8)  -  The  number  of  acceptable  non-metals  is 
small  due  to  the  extremely  low  temperatures  encouiiteredi  The  following  list 
contains  the  acceptable  non-metals: 


tetraf luoroethylene  Polymer  (TFE,  Halon  TFE,  Teflon,  AFLAS  or 
equivalent) 

Vi  ton 

unplasticized  chlorotrlf luoroethylene  Polymer  (Kel  F,  Halon  CTF,  or 
equivalent) 

B1 1.5. 1.3  Lubricants  -  Some  petroleum-based  lubricants  are  not  reconmiended 

because  of  their  reactivicy  with  compressed  and/or  liquid  oxygen.  Special 
lubricants  such  as  the  fluorolubes  or  the  perf luorocarbons  are  recommended. 
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Bll.5.2  Equip— nt 


Bll.5.2.1  Containar*  Liquid  oxygen  ihould  be  stored  in  etetionery  or 
■obile  tanks  of  approved  materials  and  construction.  Storage  and  shipping 
dnsM  for  other  propellants  are  not  to  be  used  in  this  service.  To  insure 
against  defects  in  mterial  or  fabrication,  the  storage  tanks  should  be  tested 
as  required  by  the  provisions  of  applicable  ASMR  or  DOT  specifications  for 
unfircd  pressure  vessels.  Materials  used  for  pressure  vessels  operating  at 
temperatures  less  than  244  K  (-20*1)  should  be  impact-tested  in  accordaitce 
with  Paragraph  UG-84,  Section  VIII,  of  the  ASMS  Boiler  and  Pressure  Vessel 
Code  (Reference  9).  Containers  for  the  shipsient,  storage,  and  transfer  of 
liquid  oxygen  fabricated  in  accordance  with  any  standard  that  — ets  pertinent 
structural  requirements.  Storage  containers  should  be  vacuum- jacketed;  tne 
vacuum  space  may  contain  reflective  insulation  or  powders.  The  storage  tank 
itself  should  be  of  welded  construction  and  should  be  equipped  with  an 
appropriate  pressure-relief  system  (Section  Bll.5.2.8).  Bottom  outlets  on 
storage  tanks  are  recom— nded,  since  they  — terially  simplify  the  transfer 
system  design  and  the  selection  of  pumping  equip— nt. 

811.5.2.2  Pumps  and  Hoses  -  Since  the  storage  tanka  —y  be  designed  with 
bottom  outlets,  f looded-suction  centrifugal  pumps  my  be  used  when  gravity 
flow  is  not  appllcrble.  Only  p'jmps  and  shaft  seals  designed  for  liquid  oxygen 
service  should  be  usod.  Details  on  these  pumps  and  hoses  my  be  secured  from 
mnufacturers  of  oxygen  handling  equipment.  Hoses  should  be  of  proper  design 
and  engineered  specifically  for  liquid-oxygen  service. 

Bll.5.2. 3  Lishta  -  Tesiporary  portable  extension  cords  with  lights,  used  in 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
Mine  Safety  and  Health  Administration  (MSHA). 

Flash  lights  or  storage  battery  lamps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  MSHA  or  as  accepted  by  the  current  edition  of 
the  National  Electrical  Code  (Reference  10). 

Bll.5.2.4  Pipes  and  Fittings  -  The  pipes  and  fittings  should  e  of  approved 
material  and  construction,  and  should  be  hydrostatically  tented  at  specified 
pressures.  The  use  of  welded  and  flanged  connections  whenever  possible  is 
L'ecomneniled. 

Bll.5.2. 5  Gaskets  -  Gaskets  my  be  mde  of  soft  mtals  selected  from  those 

listed  in  Section  Bll.5.1. 

Bll.5.2. 6  Pressure  Gauges  -  Liquid  oxygen  equip— nt  should  bo  monitored  with 
acceptable,  LOX-clean  types  of  pressure  gauges  as  required.  In  order  to 
minimize  operator  reading  errors,  all  pressure  gaugen  used  for  a  connon 
purpose  should  have  identical  scales.  Gauges  should  be  protected  with  blowout 
relief  backs  or  plugs. 

Bll.5.2. 7  Valves  -  The  use  of  extended  stem  gate,  globe,  or  ball  valves 
provided  with  venting  devices  is  recommended. 
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Bll.5.2.8  Vantinf  Sytama  and  Pr««aur«  Raliftf  -  Th«  ctoraK*  cont&ln«r 
should  b*  oqulppod  with  •  bursting  disc  snd  s  prsssurs-rslief  vslvs  Inn 
p«rsllsl|  both  discharging  to  ths  outdoor  atstosphsra  through  an  sdaquataly 
sissd  van',  lino.  Tha  insulatad  araat  bataaan  tha  innar  and  outar  shalls, 
should  ba  aquippad  with  aither  a  ruptura  disc  ur  a  prassura-ralief  davlca,  so 
that  prassura  cannot  build  up  and  ruptura  tha  vassal.  All  linas  and  vassals 
in  which  liquid  air  stay  ba  trappad  batwaan  closad  valvas  should  have 
prassura-raliaf  valvas i  if  it  is  likaly  that  tha  raliaf  valva  may  fraase,  a 
ruptura  disc  should  also  ba  providad. 

Bll.5.2.9  Grotmding  -  Sinca  oxygan  supports  coisbuation,  all  stationary  or 
BK>bila  tanks  should  ba  proparly  bondad  and  groundad. 
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Boiling  Point 

-297. 

90.2  K 

Freesing  Point 

-361*F 

54.8  K 

Density  (Gas) 

0.083  lb/ft3 

at  70*F  and  14.7  psia 

1.3296  X  10-i  Mg/m3 
at  294.3  K  and  101  kPa 

(Liquid) 

9.53  Ib/gal 
at  -297. 4*F 

1.14  Mg/!r.3 
at  90.2  K 

Specific  Gravity  -  Vapor 
(relative  to  STP  air) 

1.105 
at  32*F 

1.105 

at  273. -5  K 

Critical  Density 

26.8  lb/ft3 

0.430  Mg/m^ 

Critical  Pressure 

737  psia 

5.09  MPa 

Critical  Temperature 

-181. 1*F 

154.8  K 

Vapor  Pressure 

37  psia 
at  -280*F 

2.55  kPa 
at  99.3  K 

167  psia 
at  -240"F 

1.15  kPa 
at  122  K 

492  psia 
fat  -200*F 

3=39  kPa 
at  144.3  K 

615  psia 
at  -190*F 

4.14  kPa 
at  149.8  K 

Coefficient  of  Kinematic 

0.17  centistokes 
at  -297. 4»F 

1.7  X  10-’  m2/s 
at  90.2  K 

Absolute 

0.19  centipcises 
at  -297. 4*F 

1.9  X  10-^  Pa  s 
at  90.2  K 

Figure  Bll-1  Physical  Properties  of  Oxygen  (MW  »  32  g  mol) 


CHAPTER  B12 

FLUORINE  AND  FLUORINE  MIXTURES 


B12.1  PROPERTIES 

Information  In  this  chapter  is  applicable  to  fluorine  and  fluorine-oxygen 
(FLCX)  mixtures  unless  otherwise  specified. 

The  propellant  fluorine  (F2)  is  used  in  its  elemental  form  as  a  cryogenic 
liquid.  It  is  essentially  pure  containing  only  traces  of  oxygen^  nitrogen, 
hydrogen  fluoride,  and  carbon  tetraf luoride.  MIL-P-27405  (Reference  1)  is  the 
applicable  specification  covering  this  grade.  The  molecular  weight  of 
fluorine  is  37.997  g  mol. 

The  propellant  FLOX  is  a  mixture  of  liquified  fluorine  (F2)  and  oxygen 
(O2)  containing  only  traces  of  argon,  nitrogen,  hydrogen  fluoride,  and 
carbon  tetraf luoride.  FLOX,  a  mixture  ratio  of  30  percent  fluorine  and  70 
percent  oxygen,  is  optimum  mixture  in  reaction  with  RP-1  for  the  maximum 
specific  impulse,  Igp.  FLOX  containing  a  greater  fluorine  content  chan  3C 
percent  should  be  considered  as  fluorine  for  safe  handling.  Military  Standard 
H1L-P-25508E  and  NASA  SP-3037  (References  2  and  3)  are  the  applicable  oxygen 
specification  to  be  blended  with  fluorine  to  produce  FLOX. 

B12.1.2  General  Appearance 

Fluorine  is  a  yellowish  gas  over  a  wide  range  of  temperatures  and  pressures. 
The  liquid  exhibits  an  amber  color.  The  solid  form  is  yellow  when  near  the 
freezing  point.  At  lower  temperatures  fluorine  solid  undergoes  a  change  in 
crystalline  structure  and  la  white  in  color. 

FLOX  has  a  bluish  gray  color  in  either  the  vapor  or  liquid  for.  Both  FLOX  and 
fluorine  have  a  characteristic  pungent  odor. 

B12.1.3  Physical  and  Chemical  Properties  (Reference  4) 

The  physical  properties  of  propellant  fluorine  is  given  in  Figure  B12-I. 

B12. 1.3.1  Solubility  -  Fluorine  reacts  with  nearly  all  materials  and  is 
completely  miscible  with  liquid  oxygen  and  liquid  oxygen  and  liquid  nitrogen 
in  all  proportions. 

B12.1.3.2  Stability  -  Fluorine  and  fluorine-oxygen  mixtures  are  net  affected 
by  heat  or  shock.  Liquid  and  gaseous  fluorine  and  FLOX  are  stable 
indefinitely  when  stored  in  containers  properly  constructed  of  approved 
materials . 
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BI2.1.3.3  R«mctlvity  -  Fluorine  ie  the  etrongeet  oxidising  agent  and  one  of 
the  Boat  reactive  nateriala  known.  Under  proper  conditions,  fluorine  reacts 
with  practically  every  known  elemnt  and  most  coapounds.  Exceptions  are  some 
of  the  rare  gases,  and  some  completely  fluorinated  compounds.  (See  Table 
B12-1  for  examples). 

FLOX  is  a  jtrong  oxidising  agent  which  vigorously  supports  combustion.  The 
degree  of  reactivity  with  other  material  is  related  to  the  percentage  of 
fluorine  in  the  FLOX  mixture. 

B12.1.3.4  Epviroiuaental  Fate  -  Because  of  the  highly  resctive  nature  of 
fluorine  and  fluorine  mixtures,  fluorine  is  almost  never  found  in  nature  in 
its  elemental  form.  Inorganic  fluorine  compounds  in  the  atmosphere  are 
rapidly  hydrolysed  in  water  vapor  and  converted  to  less  volatile  compounds. 

An  air  sampling  program  conducted  by  the  NAFCA  (National  Air  Pollution  Control 
Association)  in  1966-67,  revealed  that  97X  of  the  samples  in  non-urban  oreas 
had  fluoride  concentrations  below  the  detectable  limits.  The  highest 
non-urban  air  concentration  of  fluoride  was  0.16  mg/m^  (Reference  5). 

Gaseous  fluorine  compounds  in  the  atmosphere  can  either  be  washed  out  by 
precipitation  or  absorbed  by  plants. 

Background  concentrations  of  fluorides  in  soils  are  common  from  the  weathering 
of  natural  deposits  of  fluorospar  (calcium  fluoride)  and  f luorapatite.  High 
concentrations  of  fluoride  (4  ppm)  in  drinking  water  have  been  associated  with 
water  pumped  from  wells  ranging  from  305  to  762  m  (1,000  to  2,500  ft)  in  depth 
(Reference  6).  Surface  water  concentrations  of  fluoride  are  usually  low,  less 
than  1  ppm. 

B12.2  HAZARDS 

fil2.2.1  Health  Hazards 

B12.2.1.1  Toxicity  -  Fluorine  and  FLOX  are  severely  toxic  in  both  liquid  and 
gaseous  forms.  The  primary  toxic  effects  are  local  discomfort  and  irritation 
to  the  eyes,  lungs,  and  skin.  Liquid  fluorine  in  direct  contact  with  the  skin 
will  cause  severe  bum.  Industrial  experience  and  animal  studies  Indicate 
that  acute  exposures  to  fluorine  or  FLOX  cause  pathological  lung  changes  prior 
to  liver  damage,  kidney  damage,  or  significant  biochemical,  hematological, 
weight,  or  skeletal  changes  (References  7  and  8).  Coucentrstions  in  the  order 
of  25  ppm  (A2  mg/m^)  are  slightly  Irritating  to  the  eyes  after  5  minutes  but 
could  be  inhaled  without  respiratory  discomfort;  50  ppm  (85  mg/m^)  is  very 
pungent  and  iroderately  irritating;  60  to  70  ppm  (102  to  199  mg/m^)  is  very 
irritating  and  extremely  uncomfortable  in  a  few  seconds. 

Static  testing  of  hycrogen-f luorine  engines  will  produce  hydrogen  fluoride 
exhaust  products  which  are  toxic.  Hydrogen  fluoride  is  less  toxic  than 
fluorine  and  the  threshold  limit  value-time  weighted  average  3  ppm  (2.5 
mg/m^)  is  3  times  that  of  fluorine  (Reference  9). 
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Hydrogen  fluoride  is  also  formed  when  fluorine  reacts  with  water.  The  rate  at 
which  water  and  fluorine  react  Increases  with  high  concentrations  of 
fluorine.  Laboratory  measurements  indicate  that  there  is  almost  no  reaction 
under  conditions  simulating  a  fluorine  spill  into  moist  air.  At  fluorine 
pressures  up  to  40  on  of  mercury  (53*000  pirni  or  90  g/m^  in  air  at  I 
atmosphere)*  negligible  reaction  occurred  with  water  vapor*  also  preeent  at 
pressures  up  to  40  im  of  mercury.  The  gas  mixture  was  heated  to  308  K  (95”F) 
in  these  laboratory  tests,  at  which  temperature  a  water  vapor  pressure  of  4  mm 
of  mercury  corresponds  to  95  percent  relative  humidity.  Large  scale  spill 
tests  1361  kg  (3000  lbs)  of  70/30  FLOX  indicate  that  hydrolysis  does  occur 
readily  with  atmospheric  moisture.  This  is  significant  in  evaluating  downwind 
toxic  concentrations  from  a  spill  since  hydrogen  fluoride  (HF)  gas  is  less 
toxic  than  fluorine  (F2)  gas.  The  emergency  exposure  limits  of  hydrogen 
fluoride  (HF)  gas  are  as  follows: 

60  min  8  ppm  (7  mg/m^) 

30  min  10  ppm  (9  mg/m^) 

10  min  20  ppm  (18  mg/m^) 


B12.2.1.2.1  Threshold  Limit  Valuea-Time  Weighted  Average  (References  9*  10* 

11,  12  and  13). 

ACGIH  1981  (Reference  9)  recommends  a  TLV-TWA  of  1  ppm  (2  mg/m^)  for  an 
eight-hour  exposure.  The  TLV-STEL  is  2  ppm  (4  mg/m'^). 

NIOSH  (Reference  11)  recommends  a  permissible  exposure  limit  (PEL)  of  0.1  ppm 
(0.2  mg/m^)  with  an  lOHL  level  of  25  ppm  (42  mg/m^).  The  IDLH  value  is 
"immediately  dangerous  to  life  or  health,"  meaning  that  it  is  the  maximum 
level  from  which  one  could  escape  in  30  minutes  without  escape-impairing 
symptoms  or  any  irreversible  health  effects. 

B12.2.1.2.2  Emergency  Exposure  Limits  -  (Reference  14) 

10  min  15  ppm  (25  mg/m^) 

30  min  10  ppm  (17  mg/m^) 

60  min  5  ppm  (  8  mg/m^) 

B12.2.1.2.3  Special  Medical  Information  (Reference  11)  -  Application  of  iced 
70  percent  isopropyl  alcohol  to  the  involved  skin  may  provide  considerable 
relief  from  pain.  Chemical  injury  to  the  respiratory  tract  by  these  compounds 
should  be  treated  as  with  any  primary  lung  irritant.  Steroids  should  be 
considered.  Skin  contact  with  wetted  hydrogen  fluoride  may  require  the 
injection  of  calcium  ion  to  inhibit  subcutaneous  fluoride  ion  migration 
(Reference  15).  Further  information  should  be  obtainable  from  a  medical  text 
on  the  treatment  of  hydrofluoric  acid  burns. 
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B12.2.2  rtre  and  Coabugtion  Product  ■Hmnda 


Fluorine  and  FLOX  are  highly  reactive  oxidiaing  agents.  As  such,  they  must  be 
considered  fire  hasards.  They  will  react  with  many  materials  not  normally 
considered  combustible  such  as  sand  and  glass  at  elevated  temperatures  and 
asbestos  at  rnom  temperature.  High  concentrations  of  gaseous  fluorine,  as 
well  as  the  liquid  itself,  will  spontaneously  initiate  combustion  with  any 
flamswble  material. 

The  reaction  of  fuels  with  liquid  fluorine  or  FLOX  is  frequently  rapid,  and 
attempts  to  extinguish  the  resulting  fire  may  not  be  successful.  After  the 
fluorine-fed  fire  has  subsided  or  the  fluorine  has  evaporated,  efforts  can  be 
made  to  control  or  extinguish  the  secondary  fires,  provided  there  is  no 
residual  hydrogen  fluoride  or  fluorine  gas  trapped  within  building 
structures.  With  the  exception  of  fire  fighters  and  damage  control  personnel, 
no  one  should  be  permitted  in  the  area.  Fire  fighters  entering  the  area  must 
wear  protective  clothing  and  self-contained  air  breathing  apparatus  until 
there  is  no  further  Indication  of  residual  fluorine  gas.  After  the  fire, 
containers  and  associated  systems  must  be  purged  with  an  inert  gas  and 
responsible  personnel  must  insure  that  fluorine  gas  or  liquid  is  not  trapped 
in  the  system. 

If  a  fluorine  or  FLOX  spill  occurs  in  an  unconfined,  open  area,  water  fog  or 
soda  ash  should  be  remotely  applied  to  promote  smooth  and  rapid  combustion  of 
the  fluorine.  Areas  surrounding  and  downwind  of  the  spill  should  bs  evacuated. 

B12.2.3  Explosion  Hazards 

Liquid  fluorine  and  rocket  fuels  Ignite  hypcrgolically  upon  contact. 
Uncontrolled  mixing  of  liquid  fluorine  and  liquid  fuels  will  invariably  result 
in  an  explosive  reaction.  The  possibility  exists  that  gaseous  hydrogen  and 
fltiorlne  can  form  explosive  mixtures.  There  have  also  been  delayed  explosive 
reactions  with  water  and  liquid  fluorine  (excluding  water  fog  which  bums 
smoothly). 

Pressure  rupture  may  occur  when  liquid  fluorine,  FLOX,  or  any  cryogenic  liquid 
is  trapped  in  a  closed  system  and  refrigeration  is  not  maintained.  Liquid 
fluorine  or  FLOX  trapped  between  closed  valves,  if  allowed  to  vaporise,  can 
cause  a  violent  rupture  of  the  pipe  and  subsequeut  fires. 

Hydrocarbon  fuels  and  the  hydrazines  have  been  found  to  be  bypergolic  with 
FLOX  mixtures  having  greater  than  ten  percent  fluorine  content.  Fuels  and 
30/70  FLOX  mixtures  have  very  short  ignition  delays  resulting  in  low  order 
detonations  and  fires.  Hydrogen,  however,  to  be  reliably  hypergollc  with 
FLOX,  requires  at  least  35  percent  fluorl.ne  la  the  FLOX  mixture.  A  liquid 
hydrogen-30/ 70  FLOX  mixture  could  have  significant  ignition  delay  and  result 
in  an  explosion. 
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B12.2.4  Environmental  Effects 


Atmospheric  releases  of  fluorine  compounds  pose  vin  Indirect  threat  to  public 
welfare  through  their  adverse  effects  on  animals  and  vegetation.  Major 
emitters  of  fluorine  compounds  Include  phosphate  ..ertlllzer,  aluminum,  steel, 
tluorlnated  plastics  and  hydrocarbon  manufacturers  (Reference  16).  Relatively 
small  quantities  of  fluorine  gas  and  halogenated  fluorine  compounds  are 
released  through  rocket  engine  test  firings. 

Gaseous  fluorine  compounds  are  responsible  for  damage  to  vegetation,  since 
they  are  more  easily  absorbed  through  the  leaves  from  the  air.  Soluble 
fluorine  forms  are  the  most  easily  absorbed  by  the  plants  and  therefore  cause 
the  most  damage.  The  sensitivity  of  plants  to  gaseous  fluorine  compounds 
varies.  Sensitive  varieties  exhibit  damage  at  concentrations  as  low  as  0.5  to 
1.2  ppm  (0.8  to  2  mg/m^)  for  several  consecutive  days.  The  most  obvious 
damage  Is  manifested  in  tip  bum  or  necrosis  of  the  plant  tissue.  Fluorine 
and  halogenated  fluorine  compounds  cause  injury  to  plants  by  oxidation  of 
tissues  and  deposition  of  fluoride  Ion  after  hydrolysis. 

Adverse  effects  to  animals  is  usually  not  associated  with  the  Ingestion  of 
gaseous  fluorine  contaminants,  rather  with  the  Ingestion  of  water  and 
vegetation  containing  high  fluoride  concentrations.  In  man,  the  soluble  forms 
of  fluorides  are  absorbed  In  the  gastrointestinal  tract,  5CX  Is  excreted  and 
the  remainder  is  accumulated  In  the  bones.  High  intake  of  fluorides  In  cattle 
la  related  to  a  loss  of  appetite  and  other  symptoms  of  fluorosis.  High 
concentrations  of  fluorides  In  drinking  water  are  associated  with  mottled 
teeth  (2-7  ppm).  See  Reference  6. 

Activated  alumina  and  bone  char  have  been  used  successfully  for 
de-f luoridatlon  of  drinking  we tec  supplies  (Reference  17). 

B12.3  RESERVED 

B12.4  RESERVED 

B12.5  MATERIALS  AND  EQUIPMENT  pr !PATIBILITY 
B12.3.1  Materials 

The  selection  of  the  materials  suitable  for  fluorine  systems  must  be  governed 
by  two  important  factors: 

a.  the  resistance  of  materials  to  fluorine  attack 

b.  the  material's  mechanical  strength  characteristic  at  cryogenic 
temperatures . 
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It  is  Important  to  note  that  elevated  temperaturee  may  cause  fluorine 
cylinders  to  burst.  Since  fluorine  is  a  dangerously  reactive  gas,  precautions 
should  be  taken  against  contact  with  water  which  causes  formation  of  toxic 
hydrogen  fluoride  gas.  Other  incompatibilities  include:  (1)  vigorous 
reaction  with  most  oxidisable  materials  at  roobi  temperature,  frequently  with 
ign^  on,  and  (2)  reaction  with  nitric  acid  to  form  fluorine  nitrate,  an 
explosive  gas  (Reference  18).  From  References  18  and  20,  a  list  of  compatible 
and  a  few  examples  of  reactive  materials  is  provided  in  Table  B12--1. 

B12.5.1.1  Metals  -  Metals  considered  satisfactory  for  handling  gaseous 
fluorine  at  temperatures  up  to  3A4  K  (160*F)  are  as  follows: 


nickel 

stainless  steel 
mild  steel 
Monel 


copper 

magnesium 

brass 

aluminum 


NOTE 


These  and  other  metals  may  also  be  suitable  for  use  at  higher 
temperatures  and  with  specific  operating  conditions. 
Spray-coated  or  calcinated  aluminum  oxide  is  resistant  to 
gaseous  and  liquid  fluorine  under  flow  conditions  at  both  low 
and  high  temperatures  1973  K  (3092*F). 

For  liquid  fluorine,  the  following  metals  are  reconmended : 

nickel  stainless  steel  types 

aluminum  30AL,  316  and  321 

copper  brass 

Monel 


B12.5.V.2  Non-Metals  -  Folytetraf luorethylenes  (Teflon  TFE,  KEI.  F-81,  Halon 
TFE,  or  equivalent)  are  acceptable  for  use  at  moderate  pressures  and  low  flow 
rates  with  gaseous  fluorine.  TFE  tape  has  been  used  extensively  as  a  thread 
sealant  for  gaseous  service,  if  care  is  taken  not  to  cover  the  first  three 
internal  threads. 

There  are  no  non-metals  recommended  for  use  with  liquid  fluorine  under  flow 
conditions . 
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Table  B12-1  Typical  Compatible  and  Reactive  Chemicals  with  Fluorine. 


MATERIAL 

TYPE  OF  INCOMPATIBILITY 

Compatible  Chemicals: 

Oxygen,  all  rate  ga8< 

>8  with  t’.e  exception  of  xenon 

Hydrogen  fluoride 

Tetraflurome thane  anc 

[  otbc'**  ^erfluorocarbon  compounds 

Reactive  Chemicals: 

Ammonia 

Ignites  on  contact,  explodes  in 
admixture . 

Phosphorous 

Ignites  on  contact. 

Pentachlorlde 

Trlchyloride 

Ignites  on  contact. 

Chromyl  chloride 

Ignites  at  high  concentrations. 

Cyanoguanidine 

By-products  of  reaction  are  extremely 
explosive  in  gas,  liquid  and  solid 
states. 

Carbon  Tetrachlor- 

Explosive  reaction  on  direct,  local 

ide.  Chloroform, 

contact  with  gaseous  fluorine. 

etc. 

Bromine,  Iodine, 

Ignites  at  ambient  temperatures. 

Dicyanogen 

Chlorine 

Needs  sparking  before  ignition 

occurs,  with  explosion  imnediately 
following. 

Liquid 

Violent  explosions  with  direct 

hydrocarbons 

contact. 

B12.5.1.3  Lubricants  -  There  are  no  lubricants  suitable  for  fluorine  service. 
B12.5.Z  fiaulSDfJlL 

B12.5.2.1  Containers  -  Liquid  fluorine  may  be  stored  in  either  fixed  or 
mobile  tanks  of  epproved  design  and  materials.  Storage  and  shipping 
containers  designed  for  noncryogenic  fluids  should  not  be  used  in  this 
service.  To  insure  against  material  or  fabrication  defects,  storage  tanks 
should  not  be  used  in  this  service.  To  insure  against  material  or  fabrication 
defects,  storage  tanks  should  be  tested  in  accordance  with  the  provisions  of 
applicable  ASME,  ASTM,  or  DOT  specifications  for  pressure  vessels.  Materials 
used  for  pressure  vessels  containing  liquid  fluorine  should  be  impact-tested 
in  accordance  with  the  ASME  Code  (d).  Paragraph  UG-84,  Section  VIII  (Reference 
19), 
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Containtrs  for  «hipplng,  storing,  and  transfarrlng  liquid  fluorine  should  be 
fabricated  in  accordance  with  the  physical  and  structural  requirements 
dictated  by  the  service  for  which  it  is  intended.  The  tanks  for  storing 
liquid  fluorine  are  usually  constructed  with  three  horisontal,  concentric 
shells  forming  an  outer  shell f  an  intermediate  shell,  and  an  inner  shell.  As 
dictated  by  the  user,  the  two  inner  shells  should  be  constructed  of  either 
Monel  or  stainless  steel.  The  inner  shell  contains  liquid  fluorine  and  the 
intermediate  shell  contains  liquid  nitrogen.  The  outer  shell  forms  a  vacuum 
jacket  and  may  contain  on  insulating  material  of  two  thermal  conductivity  such 
as  Santocel  or  Perlite. 

B12.5.2.2  Piimpii  and  Hoses  -  When  pumps  are  used  in  a  f luorine/FLOX  transfer 
system,  only  pumps  and  shaft  seals  designed  and  suitable  for  f luorine/FLOX 
service  should  be  used.  Detailed  information  for  pissps  and  seals  may  be 
procured  from  manufacturers  of  f luorine/FLOX-handl ing  equipment. 

Hoses  should  be  of  proper  design  and  engineered  specifically  for  liquid 
fluorine  service. 

B12.5.2.3  Lights  -  Temporary  portable  extension  cords  with  lights,  used  in 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
Bureau  of  Mines. 

Flash  lights  or  storage  battery  lamps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  Bureau  of  Mines,  or  as  accepted  by  the  current 
edition  of  the  National  Electrical  Code  (Reference  24). 

B12.5.2.4  Pipes  <ind  Fittings  -  Pipes  and  fitting  used  with  liquid  fluorine 
should  be  fabricated  form  nicael.  Monel,  stainless  steel  (304,  321,  316), 
copper,  or  aluminum.  All  pipes  and  fittings  should  be  cryocycled, 
hydrostatically  tested  and  leak  tested  at  the  prescribed  pressures.  Welded 
and  welded-f langed  connections  are  recommended.  All  welds  should  be  made 
using  inert  gas  shielding;  welds  should  be  of  the  butt  type  and  should  have 
full  penetration  verified  by  X-ray  as  no  occlusions  can  be  tolerated. 

Threaded  connections,  particularly  where  directly  exposed  to  liquid  fluorine, 
should  be  avoided.  Usually,  liquid  fluorine  lines  should  be  insulated  to 
prevent  condensation  of  air  or  excessive  heat  loss.  Metal  tubing  with 
compression  AN-type  fittings  of  suitable  materials  are  also  recommended. 

These  AN-type  fittings  are  suitable  up  to  one  inch  sire.  Fittings  should  be 
used  with  soft  copper  or  aluminum  fitting  rings  and  conical  shaped  seals  to 
prevent  leakage.  As  no  lubricants  should  be  allowed,  silver  plating  of 
threads  eliminates  galling.  , 
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B12.5.2>5  Gaakaf  •  Gaskets  made  from  any  of  the  following  materials  are 
reconmended : 

Gaseous  service:  aluiiilnum»  copper*  lead*  polytetraf luorethylene  (TFE) 
Liquid  service:  aluminum,  copperv 

Liquld~f luorlne  equipment  should  be  monitored  through  the  use  of  approved 
pressure  gauges  as  required.  In  order  to  minimise  operator  reading  errors, 
all  pressure  gauges  used  for  a  common  purpose  should  have  identical  scales. 
Pressure  gauges  should  be  fluorine  clean  and  the  bourdon  tube  should  be  oiade 
of  Monel  or  stainless  steel  of  all  welded  construction.  Pressure  measuring 
devices  should  be  used  in  gas-phase  service  as  much  as  possible.  Special  care 
in  selection,  cleaning,  and  passivation  should  be  exercised  In  all  devices. 

B12.5.2.6  Valves  -  Materials  recommended  for  valve  fabrication  are  forged 
stainless  steel,  Mnnel,  or  nickel.  Packless-type  bellow  valves  have  proved  to 
be  more  reliable  in  both  liquid  and  gaseous  fluorine  service  and  should  be 
used  in  fluorine  Installations. 

In  general,  valves  should  be  of  an  approved  design  for  fluorine  service;  they 
should  be  Installed  so  they  can  he  operated  remotely,  with  a  barrier  between 
the  operator  and  the  valve. 

B12.5.2.7  Venting  Systems  and  Praasure  Relief  -  Large  storage  containers 
should  be  Insulated,  vacuum- jacketed,  nitrogen-cooled  tanks.  The 
vacuum-insulated  space  between  the  intermediate  and  outer  shells  should  be 
equipped  with  either  a  rupture  disc  or  a  pressure-relief  device.  The  storage 
container  Itself  should  be  of  welded  construction.  The  liquid  nitrogen  system 
should  be  equipped  with  an  adequate  vent  line  and  a  pressure-relief  valve,  but 
no  pressure-relief  devices  are  to  be  installed  in  the  inner  fluorine  tank 
itself . 
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SI  UNITS 

Bolling  Point 

-306. 64 'F 

85.02  K 

Froosing  Point 

-362.32*r 

54.08  K 

Density  (Oss) 

(Linuid) 

12.5  Ib/gal 
at  -306.32*P 

1.50  Ht/n3 
at  85.02  K 

Specific  Gravity 
(relative  to  STP  air) 

1.3 

1.3 

Critical  Density 

5.1  Ib/gal 

0.61  Nf/a3 

Critical  Pressure 

809.7  psia 

5.583  MPa 

Critical  Tenperature 

-199.57*r 

144.5  K 

Vapor  Pressure 

19.7  psia 
at  -300*r 

135.8  MPa 
at  83.7  X 

164.7  paia 
at  -250*F 

1.136  MPa 
at  116.5  K 

794.7  /sia 
at  -200*F 

5.479  MPa 
at  144.3  K 

Kinesiatlc 

Coefficient  of 

0.127  ceutistokes 
at  -306. 5»r 

1.27*10-7 
•2/s  St  85  K 

Absolute 

- - — -  — - 

0.257  centipoiscs 
at  -306. 3*r 

2.57  X  10-'* 

Pas  at  85.2  K 

0.414  centipoises 
at  -333. 4*F 

4.14  X  10-^ 

Pas  at  70  K 

Figure  12-1  Physical  Properties  of  Fluoxlne  (NW  «•  37.997  g  nol) 
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CHAPTER  313 
THE  HALOGEN  FLUORIDES 


BI3.1  PROPERTIES 

Infonwtion  in  fchla  cliapter  la  applicable  to  Chlorine  Trifluoride  (CTP)  and 
Chlorine  Pentaf luoride  (CPF).  Their  Molecular  waighta  are  92. AS  and  130.45  g 
BK>la,  reapectively. 

B13.1.1  Identification 

Chlorine  Pentaf luoride  (CPF)  ia  covered  by  Military  Specification  NIL>P~27413 
(Reference  1)  and  ita  chemical  formula  la  CIF5  Chlorine  Trifluoride  (CTF)  ia 
covered  by  Military  Specification  M1L-P-81399A  (Reference  2)  and  ita  chemical 
formula  la  CIF3. 

B13.1.2  General  Appearance  and  Cnmmnn  Uaaa 

Chlorine  Trifluoride  ia  a  corroaive*  colorlaaa  gaa  at  room  temperature  and 
preaaure.  It  haa  a  aomewhat  aweet  odor  and  ia  highly  irritating  even  at  low 
concentrationa.  Chlorine  Trifluoride  ia  the  moat  reactive  compound  of  the 
halogen  fluorldea.  It  ia  a  powerful  oxidising  agent  and  ia  uaed  aa  an  igniter 
and  propellant  in  liquid  propellant  enginea.  It  ia  alao  used  aa  an  incendiary 
and  fluorinating  agent  (Referencea  3,  4).  Chlorine  Pentaf luoride  ia  a 
colorleaa  vapor  at  temperaturea  above  291.3  K  (64.6*F).  The  liquid  is  clear 
with  a  alight  greenish  cast,  Ic  is  a  toxic  and  corroalve  oxidising  agent. 

..13.1.3  Phyaical  and  Chemical  Properties  (Reference  5) 

B13. 1.3.1  Solubility  -  Chlorine  Trifluoride  and  Chlorine  Pentafluoride  react 
with  solvents  rather  than  dissolve  in  them.  Under  normal  conditions  they 
react  violently  with  ice  or  water. 

B13.1.3.2  Stability  -  Chlorine  Trifluoride  decomposes  above  493  K  (423*F) 
and  may  pressure  rupture  ita  container  at  that  temperature.  Chlorine 
Pentafluoride  la  insensitive  to  shock,  heat  and  electrical  sparks. 

B13.1.3.3  Reactivity  -  Chlorine  Trifluoride  and  CMorine  Pentafluoride  react 
with  alsiost  all  elements  except  the  inert  gates,  nitrogen  and  a  few  metals. 
They  are  not  combustible  by  themselves  but  are  very  reactive  and  may  cause 
fire  on  contact  with  organic  matter.  They  also  react  violently  with  water, 
sand,  silicon  containing  compounds,  glass  and  asbestos.  They  are  corrosive 
oxidizing  agents  and  similar  to  elemental  fluorine  in  reactivity. 

B13.1.3.4  Environmental  Fate  -  Both  Chlorine  Trifluoride  and  Pentafluoride 
exists  as  colorless  vapors  that  are  extremely  toxic  and  corrosive.  Both 
coshpounds  are  strong  oxidizers  and  hypergolic  with  water  and  siost  materials. 

In  water,  hypochlorous ,  hydrochloric,  and  hydrofluoric  acids  are  formed.  In 
the  atmosphere,  the  halogen  fluorides  would  be  absorbed  into  atmospheric 
moisture  and  form  acids.  These  would  be  washed  out  in  precipitation  events. 
The  acids  in  the  moisture  would  react  with  a  number  of  compounds  on  land 
forming  chloride  and  fluoride  salts.  These  salts  would  be  very  soluble  and 
mobile  in  soil-water  systems. 
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B13.2  HAZAU2& 

Bia.2.1  Bflth  HaiarilB 

B13. 2.1.1  Toatlcitv  -  Chlorine  Trifluoride  (CTF)  end  Chlorine  Pentef luoride 
(CPf)  ere  highly  reeetive  oxidiiing  coapounde  end  the  geeee  cen  ceuee 
irritetion  of  the  ekin,  eyee  end  reepiretory  trect.  Direct  contect  with 
either  of  theee  liquide  will  ceuee  eevere  cheaicel  bume.  Since  they  ere  lc<r 
boiling  liquide,  e  dengeroue  etaoepheric  concentretion  any  moult  froa 
iaproperly  eeeled  'onteinere  or  loee  of  refrigeration.  The  odor  of  the  geeee 
in  elr  aey  not  be  objectioneble  to  aoae  peraone  at  concentration  level*  which 
ere  dengeroue.  The  phyaiolcgicei  effect*  of  thee*  coapeunda  cloeely  reeeable 
thoee  of  fluorine  end  hydrofluoric  acid.  Alaoat  all  of  the  toxicity  date 
coaea  froa  inveetigationa  with  experiaental  enlMla,  thua  the  recoaaended 
threahold  liail  veluea  end  eaergency  expoeure  liaite  ere  tentative  end  the 
leteat  reviaion  of  the  veluea  ahould  be  obtained  by  ueera  of  theee  propellent*. 

B13.2.1.2  Rxpoeure  Liaite 

B1 3. 2. 1.2.1  IhrttBtold  Iiiait  VtAUeg-liae  KglgUtgd  AYSrage  (Reference*  6.  7  end 
8) 

Chlorine  Trifluoride:  TLV-IWA  -  0.1  ppa 

(O.A  ag/a^)  ceiling  value 

Chlorine  Pentef luoride:  No  date 

613.2.1,2.2  Pin»rg«ncT  Rupoaure  Liaite  (Reference  9)  -  The  eaergency  expoeure 
liait  (EEL)  define*  the  "aingle  brief  accidental  expoeurea  to  eirbontu 
contaainant*  that  cen  be  tolerated  without  peraanent  toxic  effect*,  itieae 
liaita  are  not  intended  to  replace  accepted  aafe  practice*  and  ahould  be 
accoapanled  by  appropriate  aedical  aurveillance"  (Reference  9). 

a.  Chlorine  Trifluoride 

10  min  7  ppa  (27  ag/a^) 

30  Bin  3  ppa  (11  ag/a^) 

60  Bin  1  ppa  (6  ag/a^) 

Recent  experiaental  work  with  fluorine  inhalatior  by  Kaplinger  has  reaulted  In 
an  increaaed  eaergency  expoaui'e  liait  value  for  fluorine.  See  Reference  4  and 
Fluorine  and  Fluorine-Oxygen  Mixture*,  Chapter  B12  of  thia  voluae.  Data  on 
huaan  expoaurea  with  CTF  and  CPF  are  not  available,  but  it  ia  believed  that 
the  CTF  value  given  above  ia  conaervative. 

b.  Chlorine  Pentaf luoride  (Reference  10) 

10  ain  3.0  ppa  (13  ag/a^)'* 

30  ain  1.5  ppm  (7  ag/a^)* 

60  h'in  0.5  ppa  (2  mg/m^)* 

*The*e  liaita  are  tentative. 
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B13.2.1.3  Special  Medical  Information  -  Exposure  to  CTF  and  CPF  vapor  can 
cause  severe  irritation  of  the  eyes,  mucous  membranes  and  the  entire 
respiratory  tract.  Exposure  to  high  concentrations  may  result  in  acute 
respiratory  distress,  pulmonary  edema,  and  death.  For  most  Individuals  the 
odor  of  CTF  and  CPF  is  objectionable  well  before  the  emergency  exposure  limit 
is  reached. 

Oxygen  may  be  administered  under  positive  pressure  to  counteract  chemical 
pnevunonitis  and  pulmonary  edema.  The  application  of  iced  magnesium  sulfate 
(.Epsom  salt)  solution  or  iced  70X  isopropyl  alcohol  to  involved  skin  may 
provide  considerable  relief  from  pain. 

A  momentary  contact  with  the  skin  may  produce  a  thermal  bum,  whereas  if  a 
quantity  of  any  of  these  halogen  fluorides  are  trapped  in  contact  with  the 
skin,  a  deep,  painful  cheruical  bum  may  result  (References  11  to  16).  For 
first  aid  informetlon,  see  Appendix  E13. 

The  iimiilnent  danger  of  exposure  to  halogen  fluoride  compounds  is  that  they 
react  violently  in  contact  with  water  to  form  chlorine  and  hydrogen  fluoride 
gases.  The  hydrogen  fluoride  vapor  is  very  soluble  in  water,  whereas  chlorine 
(and  possibly  chlorine  dioxide)  is  soluble  to  an  appreciable  extent  about  0.7 
to  0.8  g  per  100  g  of  water.  Extremely  severe  injuries  caused  by  the  halogen 
fluorides  can  be  attributed  more  to  the  hydrolysis  of  the  hydrogen  fluoride 
gas  than  the  less  soluble  chlorine  product.  Inhalation  of  halogen  fluoride 
gas  in  producing  pulmonary  edema  was  probably  caused  by  this  mechanism  of 
reaction.  Severe  inflammation  of  all  mucosal  surfaces  resulting  in 
lacrimation,  comeal  ulceration,  and  burning  of  exposed  area  of  skin  may  also 
be  attributed  to  the  hydrofluoric  acid  reactant  (Reference  16).  Externally 
the  skin  whitens;  the  tissues  beneath  the  skin  are  destroyed,  the  destruction 
spreading  even  to  the  bones.  Skin  which  has  been  expo,  ed  to  the  hydrofluoric 
acid  attack  should  be  thoroughly  washed  with  cold  water  until  the  whitening  of 
the  tissue  disappears.  An  ointment  consisting  of  0.085  kg  (3  oz)  of  magnesium 
oxide,  0.113  kg  (A  oz)  of  heavy  mineral  oil,  and  0.31Z  kg  (11  oz)  of  white 
Vaseline  should  then  be  applied  (Reference  17).  Medical  assistance  should  be 
obtained  as  soon  as  after  an  exposure  to  halogen  fluoride  '^apor  as  possible. 

B13.2.2  Fire  and  Combustion  Product  Hazards 

CTF  and  CPF  are  hypergollc  with  most  materials.  Both  react  violently  with 
small  quantities  or  pools  of  water,  but  with  a  water  spray  -or  copious  amounts 
of  water,  CTF  and  CPF  react  smoothly  forming  hydrogen  fluoride  and  chlorine  as 
major  products  of  the  reaction.  Both  compounds  react  strongly  with 
silicon-containing  compounds  and  support  combvistion  of  sand,  asbestos,  ground 
glass,  etc. 

The  main  product  of  reaction  with  water,  water  vapor,  and  combustibles  is 
hydrogen  fluoride  which  is  al  "ro  toxic  and  very  corrosive  (refer  to  Chapter  12 
of  this  voltune). 
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B13.2.3  Exploalon  Hazards 


CTF  and  CPF  are  shipped  as  liquids  in  cylinders.  They  are  hypergolic  and 
react  violently  with  ssull  quantities  of  water  or  ice  and  vigorously  with  nost 
cosd>ufltible  surfaces  at  toon  tenperature,  frequently  igniting  innedlately. 

They  react  with  nost  metals  and  metal  oxides  at  elevated  temperatures.  CTR 
and  CPF  react  on  contact  with  water  vapor,  ammonia  and  hydrogen  and  with  nost 
fuel  and  organic  vapors. 

B13.2.4  Environmental  Effects 

Gaseous  halogen  fluorides  released  into  the  atmosphere  would  be  a  short-lived, 
nonpersistent  contamination.  The  persistence  of  the  hydrolysis  products  in 
the  atmosphere  before  washout,  however,  is  a  function  of  the  climate.  It  is 
likely  that  the  compounds  would  be  washed  out  before  they  diffuse  into  the 
stratosphere.  Return  to  earth  of  the  moisture  with  the  acids,  would  result  in 
the  fonaation  of  the  fluoride  and  chloride  salts.  Hydrogen  chloride  and 
fluoride  would  be  expected  to  react  with  the  major  cations  in  the  water  and 
soil  and  form  calcium,  sodium  and  magnesium  salts.  These  salts  would  be 
carried  down  into  groundwater  and  through  runoff  into  surface  water.  Chloride 
and  fluoride  salts  are  found  abundantly  in  natural  surface  and  ground  waters. 

B13.3  RESERVED 

B13.4  RESERVED 

B13.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 
B13.5.1  Materials 

Nearly  all  materials  not  passivated  will  Ignite  when  heated  in  the  presence  of 
CFT  and  CPF.  The  amount  of  heating  required  for  ignition  varies  with  the 
materials.  "Hot  Spots"  developed  from  a  trace  of  combustible  materials  or  by 
a  compression  wave  or  friction  from  such  as  in  turning  a  valve  nwy  be  a  source 
of  ignition  (References  21,  22). 

B13.5.1.1  Metals  -  Passivated  metals  considered  satisfactory  for  handling 
liquid  and  gaseous  CTF  and  CPF  at  temperatures  below  338.7  K  (150*F)  are  as 
follows: 


nickel 

Aluminum  202U 

Copper 

Monel 

Aluminum  5052 

Brass 

Aluminum 

1160 

Aluminum  6063 

Silver  Solder 

Aluminum 

3003 

All  stainless  steels 

Pure  Aluminum 

Aluminum 

Aluminum 

6061 

6066 

Inconel 

Magnesium 

NOTE 

These  and  other  metals  may  also  be  suitable  for  use  at  higher 
temperatures  and  or  specific  operating  conditions.  Spray-coated 
or  calcinated  aluminum  oxide  is  resistant  to  gaseous  and  liquid 
halogen  fluorides  under  flow  conditions  at  both  low  and  high 
temperatures;  1973  K  (309Z*F)  is  the  high  temperature  limit. 
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The  following  metals  are  not  satisfactory  for  handling  liquid  or  gaseous  CTF 
and  CPF. 


Tantalum  Niobium  Titanium 

Molybdenum  Tungsten 

B13.S.1.2  Non-Metals  -  Polytetraf luoroethylenes  (Teflon  TFE,  KEL  F-81,  Hal 
TFE,  or  equivalent)  are  acceptable  for  use  at  moderate  pressures  and  low  flow 
rates  with  gaseous  halogen  fluorides.  TFE  tape  has  been  used  extensively  as  a 
thread  sealant  for  gaseous  service,  if  care  is  taken  not  to  cover  the  first 
three  internal  threads. 

There  are  no  plastics  acceptable  for  use  with  liquid  halogen  fluorides  under 
flow  conditions  (See  Section  B13.5.2.5). 

In  general.  Chlorine  Trlfluorlde  will  attack  all  forms  of  plastics,  rubber, 
and  resins,  except  the  highly  fluorinated  polymers  "Teflcn"  and  "KEL-F.” 

Refer  to  Section  B13.5.2.5  for  the  metal  laminated  and  non-metal  gaskets  which 
can  be  used. 


B13.5.1.3  Lubricants  -  The  use  of  standard  petroleum-base  lubricants  is 
prohibited.  Fluorinated  hydrocarbons  may  form  detonable  mixtures. 
Fluorocarbons  may  be  used  sparingly  to  lubricate  seals  if  the  amount  of 
lubricated  surface  is  limited  and  in  the  gas  phase  exposure.  Fluorocarbon 
lubricants  should  not  be  used  under  conditions  of  dynamic  flow  (Reference  23). 

B13.5.2  Equipment 

All  equipment  shall  be  cleaned  and  passivated. 

B13.5.2.1  Coni;aine.rB 

The  halogen  fluorides  may  be  stored  in  either  fixed  or  mobile  tanks  of 
approved  design  and  materials.  Storage  and  shipping  containers  furnished  by 
the  producer  are  nut  generally  used  as  a  part  of  e  test  system.  An  ASME  code 
pressure  vessel  should  be  employed  and  tested  for  defects  in  accordance  with 
the  applicable  specifications.  If  transfer  by  condensation  is  employed,  the 
materials  for  constructing  CTF  and  CPF  vessels  should  be  Impact  tested  in 
accordance  with  the  ASNE  code.  Section  VIII,  Paragraph  UG-8A  (Reference  24). 
The  physical  and  structural  requirements  will  be  dictated  by  the  service  for 
which  the  container  is  Intended. 

B13.5.2.2  Ptimps  and  Hose  -  Standard  pumps  possessing  a  stuffing  box  are  not 
suitable  for  CTF  and  CPF,  but  diaphragm  pumps  such  as  the  Lapp  Pul^afeeder  (R) 
and  the  Cheropump  (R)  may  be  used. 

B13.5.2.3  Ligb.tR  -  Temporary,  portable  extension  cords  vrith  lights,  used  in 
Inspecting  the  Interior  of  containers,  should  be  of  a  type  approved  by  the 
Bureau  of  Mines.  Flash  lights  or  storage  battery  lamps,  where  permitted  for 
use,  shall  be  of  the  safety  types  approved  by  the  Bureau  of  Mines,  or  as 
accepted  by  the  current  edition  of  the  National  Electrical  Code  (see  Reference 
25). 
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B13.5.2.4  Plpea  and  Fittlno  -  Pipes  and  fittings  for  liquid  halogen 
fluorides  shall  be  fabricated  from  nickel,  Honel,  stainless  steel  (304,  321, 
316),  copper,  or  aluminum.  All  pipes  and  fittings  should  be  properly  tested 
for  at  least  2.07  MPa  (300  psi)  working  pressure  for  CTF,  and  3.4b  MPa  (500 
psi)  for  CPF.  Piping  systems  and  cylinders  should  be  clearly  identified. 
Welded  and  welded-f langed  connections  are  recommended.  All  welds  shall  be 
made  using  inert  gas  shielding;  welds  shall  be  of  the  butt  type  and  shall  have 
full  penetration.  Threaded  connections,  particularly  where  directly  exposed 
to  halogen  fluorides,  should  be  avoided.  Metal  tubing  with  compression 
AN-type  fittings  of  suitable  materials  are  also  recommended.  These  AN-type 
fittings  are  suitable  up  to  one-inch  slse.  Fittings  should  be  used  with  soft 
copper  or  aluminum  fitting  rings  and  conical  shaped  seals  to  prevent  leakage. 

B13.5.2.5  Gaskets  -  Gaskets  for  CTF  and  CPF  service  may  be  made  froti  soft 
copper,  1100  aluminum,  or  Teflon  laminated  with  copper  or  another  metal, 
provided  that  no  point  on  the  exposed  Teflon  surface  is  BK>re  than  0.05  to  0.08 
mm  (0.002  to  0.003  in)  removed  from  a  metal  heat  conductor.  Highly 
fluorinated  polymers  such  as  Teflon,  Kel-F  and  Halon,  which  are  resistant  only 
to  the  vapor  at  ordinary  temperatures,  can  be  used  as  gasket  materials  if 
properly  cleaned  and  vacuum  dried.  Halogenated  solvents  are  absorbed  strongly 
by  the  fluorinated  polymers;  therefore,  solvent  degreasing  should  be  avoided. 

B13.5.2.6  Pressure  Gauges  -  Halogen  fluoride  equipment  should  be  monitored 
using  compatible  pressure  gauges  as  required.  Pressure  sieasuring  devices 
should  be  xised  in  gas-phase  service  only.  In  order  to  minimise  operator 
reading  errors,  all  pressure  gauges  used  for  a  coimson  purpose  should  have 
identical  scales. 

B13.5.2.7  Valves  -  Packlcss  type  valves  have  proven  to  be  more  reliable  and 
are  recommended  for  this  service.  Recommended  materials  for  valve  fabrication 
are  forged  stainless  steel.  Monel  or  nickel.  Valves  should  be  of  an  approved 
design  and  installed  so  they  can  be  operated  remotely,  with  a  barrier  between 
the  operator  and  the  valve. 

B13.5.2.8  Venting  System  and  Pressure  Relief  -  Vents  and  pressure  relief 
systems,  as  required,  should  be  extended  to  the  atmosphere.  Their  termination 
should  be  at  a  height  and  location  that  will  give  adequate  personnel 
protection. 
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CHAPTER  B14 
NITROGEN  OXIDES 


B14.1  PROPERTIES 

BU.l.l  Identification  (References  1  and  2) 

Nitrogen  tetroxlde  is  an  equilibrium  mixture  of  nitrogen  tetroxide  (N20j^) 
and  nitrogen  dioxide  (NO2)  and  is  also  known  as  dinitrogen  tetroxide « 
nitrogen  peroxide  or  liquid  nitrogen  dioxide.  Propellant  grades  of  mixed 
oxides  of  nitrogen  are  identified  by  percent  weight  N2O4  with  no  more  than 
0.17  percent  water  equivalent  (See  Table  B14->1  for  applicable  grades). 

The  HON  (mixed  oxides  of  nitrogen)  propellants  consist  of  dinitrogen  tetroxide 
with  1  to  25  percent  pungent  nitric  oxide  (NO).  The  composition  of  the 
various  grades  are  listed  in  Table  B14-1. 

B14.1.2  General  Appearance  and  Conwon.  Usea 

N2O4  is  a  volatile  reddish-brown  liquid.  It  is  a  powerful  oxidising  agent 
containing  about  70X  available  oxygen.  The  gas  is  yellowish  to  reddish  brown 
and  has  a  characteristic  pungent  odor.  The  characteristic  color  is  due  to  the 
NO2  resulting  from  the  N2O4-NO2  equilibrium  mixture.  Propellant  mixed 
oxidec  of  nitrogen,  containing  99X  N2O4  and  lOX  NO,  resembles  nitrogen 
tetroxide  in  color  and  odor.  Nitric  oxide  is  a  volatile  blue  liquid.  The  gas 
is  colorless. 

BI4.1.3  Physical  and  Chemical  Properties  (References  3  and  4) 

Refer  to  Figure  B14-1  for  the  physical  properties  of  N2O4. 

Nitrogen  tetroxide  when  mixed  with  nitric  oxide  forms  HON-type  oxidizers. 
NON-type  oxidizers  have  lower  freezing  points  than  N2O4.  MON's  density  is 
lower  than  the  density  of  N2O4  and  MON's  higher  vapor  pressure  requires 
the  use  of  larger  and  heavier  pumps. 

Dry  N2O4  (less  than  0.1  percent  water  equivalent)  may  be  stored  in 
low-pressure  carbon-steel  containers,  since  the  vapor  pressure  at  333  K(140*K) 
is  only  510  kPa  (74  psia)  and  the  corrosiveness  at  this  water  content  is 
negligible  for  an  indefinite  period. 

MON-type  oxidizers,  MON-I  and  MON-3,  are  currently  being  specified  for  rocket 
oxidizers  because  the  addition  of  NO  acting  as  an  inhibiter  against  corrosion 
of  propellant  tanks  is  anticipated.  MON-3  is  specified  for  Space  Shuttle;  to 
assure  that  the  NO  content  of  the  oxidizer  will  remain  above  0.5  percent  NO 
after  handling  and  storage  of  the  oxidizer  and  ventings  of  the  oxidizer 
tanks.  The  slight  addition  of  NO  does  not  change  the  thermophysical 
properties  of  N2O4. 

The  mixed  oxides  of  nitrogen,  NON-10  and  HON-25,  have  higher  vapor  pressures 
than  thac  of  nitrogen  tetroxide  at  338.71  K  (150*F),  and  require  containers 
rated  for  these  higher  pressures. 
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B14. 1.3.1  SQl:ibilitv  N2O4  in  water  reacts  to  form  nitric  and  nitrous 
acids.  The  nitrous  acid  decostpcces  foming  addltionsl  nitric  acid  and 
evolving  nitric  oxide  (NO).  On  contact  with  oxygen  the  NO  converts  the  NO2. 

B14.1.3.2  Stability  -  N20{(  is  very  stable  at  room  temperature.  At  423  K 
(302*F)  it  begins  to  dissociate  into  nitric  oxide  and  free  oxygen,  but  upon 
cooling  it  reforms  into  N2O/,. 

B14.1.3.3  Reactivity  >  Oxides  of  nitrogen  are  corrosive  oxidising  agents. 

In  the  presence  of  water  the  corrosiveness  of  these  oxidising  agents  are 
enhanced.  N2O4  ma''  react  the  combustible  materials  and  is  hypergolic  with 
UlMB.  NO  is  stable  at  room  temperature.  As  NO  concentrations  are  increased, 
the  N2O4  mixture  shrvs  decreased  hypergolicity.  Oxides  of  nitrogen  are 
not  sensitive  to  mechanical  shock,  heat  or  detonation.  They  are  nonflasnable 
with  air,  but  can  support  cond)ustion. 

B14.1.3.4  Environmental  Fate  -  Nitrogen  tetroxide  is  a  highly  toxic  gas  with 
corrosive  fumes.  In  water,  nitrogen  tetroxide  reacts  to  produce  nitric  and 
nitrous  acids. 

N2O4  +  H2O  HNO3  +  HNO2 

In  the  atmosphere,  nitrogen  dioxide  is  very  rapidly  photochsnlcally  decomposed 
to  nitrogen  oxide  and  atomic  oxygen.  The  typical  half  life  for  nitrogen 
dioxide  in  sunlight  is  about  2  minutes.  Atomic  oxygen  reacts  with  water  for 
form  hydroxyl  radicals  which  are  significant  in  atsmspheric  reactions  and  the 
formation  of  photochemical  smog.  Nitrogen  oxides  react  with  atmospheric 
moisture  to  fonn  nitric  acid  rain  which  can  be  returned  to  the  land  in 
precipitation  events. 

B14.2  HAZARDS 

B14.2.1  Health  Hasarda 

B14.2.1.1  Toxicity  -  Because  N2O4  and  mixed  oxides  of  nitrogen  in  liquid 
form  are  corrosive,  severe  bums  of  the  skin  and  eyes  can  result  unless  the 
material  is  ionedlately  removed.  The  liquid  volatilises  readily,  giving  off 
yellowish  to  reddish-brown  vapors  containing  a  mixture  of  N2O4  and  N02« 

The  inhalation  of  toxic  vapors  is  normally  the  most  serious  hasard  in  handling 
N2O4,  and  mixed  oxides  of  nitrogen.  The  color  of  the  vapors  is  not  a 
reliable  index  of  a  degree  of  toxic  hasard.  The  initial  symptoms  of  poisoning 

-  Irritation  of  the  eyes  and  throat,  cough,  tightness  of  the  chest,  and  nausea 

-  are  slight  and  may  not  be  noticed.  Then,  hours  afterward,  severe  symptoms 
begin;  their  onset  may  be  sudden  and  precipitated  by  exertion.  Coughing, 
feeling  of  constriction  in  the  chest,  and  difficult  breathing  are  typical. 
Cyanosis  (a  blue  tinge  to  the  mucous  membranes  of  the  mouth,  eyelids,  lips, 
and  fingernail  beds)  may  follow.  Persons  with  such  symptoms  are  in  great 
danger.  Milder  cases  may  show  signs  of  bronchitis  with  cyanosis,  and  other 
may  vomits  and  suffer  nausea  and  abdominal  pain. 

The  health  hazards  associated  with  mixed  oxides  of  nitrogen  are  the  ?aroe  as 
those  for  nitrogen  tetroxide. 
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Table  B14-1  Identification  of  N2O4  and  Mixed  Oxides  of  Nitrogen 

(References  1  and  2) 


COMPOSITION 

NTO 

(Red- 

Brown) 

MON-1 

(Green) 

NON-3 

(Green) 

MON-10 

MON-25 

Nitrogen  tetroxlde  assay 
(N2O4  percent  by  weight) 

99.5 

88.8  min 

73.8  min 

Nitric  oxide  (NO)  content- 
max  percent  by  weight- 
minimum 

(1) 

1.0 

0.6 

3.0 

1.5 

11.0 

10.0 

26.0 

25.0 

N2O4  +  NO  -  percent  by 
weight  minimum 

99.5 

99.5 

Water  equivalent  -  percent 
by  weight  max 

0.17 

0.17 

0.17 

0.17 

0.17 

Chloride  content  -  percent 
by  weight  max 

O.OAO 

0.040 

0.040 

0.040(2) 

0.040(2) 

Iron  (Fe) 

Particulate  g/m^ 

10 

_ 

10 

10 

10 

10 

(1)  The  NO  content  should  be  limited  to  that  which  does  not  change  the 
specified  Red-Brown  color  of  the  propellant. 

(Z)  This  test  need  not  be  performed  on  propellant  manufactured  by  the 
amnonla-oxldation  process. 
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B14.2.1.2.1  Thraahcld  Limit  V>lue«-TliM  W«i«bteid  AYtrate  (TLV-IWA)  (References 
5t  6  and  7) 

Nitrogen  tetroxide:  3  ppm  (6  ng/n^)  (Given  au  the  concentration  of 

NO2  gaa). 

TLV-STEL:  5  ppm  (10  mg/m^J 

NIOSH;  1  ppm  (1.8  mg/m^) 

I.DLH:  50  ppm  (90  mg/m^) 

Nitric  Oxide:  25  ppm  (30  mg/m^)  (Present  in  mixed  oxides  of 
nitrogen). 

TLV-STEL:  35  ppm  (45  mg/m^) 

IDLE:  100  ppm  (129  mg/m^) 

B14.2.1.2.2  Emergency  Exposure  Limits  (Reference  8)  -  The  following 
recommended  eisergency  exposure  llmlcs  for  NO2  have  been  set: 

10  minutes  30  ppm  (60  mg/m^) 

30  minutes  20  ppm  (40  mg/m^) 

60  minutes  10  ppm  (20  mg/m^) 

The  emergency  exposure  limit  (EEL)  defines  the  "single  brief  accidental 

exposures  to  alr-bome  contaminants  that  can  be  tolerated  without  permanent 
toxic  effects.  These  limits  are  not  Intended  to  replace  accepted  safe 
practices  and  should  be  accompanied  by  appropriate  medical  surveillance" 
(Reference  9). 

B14.2.2  Special  Medical  Information  (Reference  9»  10»  11) 

The  development  of  pulmonary  edema  is  the  principal  danger  associated  with  the 
inhalation  of  N2O4  gas.  A  person  may  breath  an  atmosphere  containing  a 
daegerous  concentration  of  N2*^4  8^"  without  serious  discomfort  at  the 
tiise,  only  to  suffer  severe  effects  several  hours  later.  A  detailed 
therapeutic  regimen  is  described  in  Reference  10. 

Repeated  exposure  to  lew  level  concentrations  of  N2O4  gas  awy  cause 
ulceration  of  the  nose  and  mouth,  wearing  down  and  decay  of  teeth  and  chronic 
Irritation  of  the  entire  respiratory  tract.  Bronchitis,  bronchiectasis,  and 
secondary  pulmonary  emphysema  may  develop. 

Treatment  for  exposure  to  mixed  oxides  of  nitrogen  is  the  same  as  that  for 
nitrogen  tetroxlde. 

B14.2.3  Fire  and  Combustion  froduct  Hazards 

N2O4  and  mixed  oxides  of  nitrogen  are  normally  stored  and  handled  as 
liquids  without  refrigeration.  Liquid  N2O4  and  mixed  oxides  of  nitrogen 
will  not  burn;  however,  they  will  support  combustion. 
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The  oxygen  content  of  N20i^  it  about  70  percent  by  weight.  When  mixed  with 
a  fuel,  It  readily  supports  combustion.  N2O4  is  hypergolic  with  a  number 
of  fuels,  including  MKH,  UDMH,  hydrasine,  aniline  and  furfuryl  alcohol.  With 
increasing  concentrations  of  NO,  mixed  oxides  of  nitrogen  are  less  hypergolic. 

B14.2.4  Explosion  Hasarda 

N2O1,  and  mixed  oxides  of  nitrogen  are  oxldisers,  but  they  are  not 
hypergolic  with  all  combustible  materiala.  Such  non-hypergollc  mixtures, 
therefore,  present  an  explosion  hasard,  particularly  when  subjected  to 
elevated  temperatures,  pressures  or  impact.  If  containers  leak,  the  oxides  of 
nitrogen  gases  can  form  explosive  mixtures  with  fuel  vapors,  especially  in 
confined  spaces.  N2O4  of  cosssercial  purity  and  mixed  oxides  of  nitrogen 
are  stable  at  ordinary  temperatures.  There  is  a  possibility  that  containers 
in  proximity  to  a  fire  may  pressure  rupture  and  the  released  gas  can  form 
explosive  mixtures. 

Organic  materials  and  partially  halogenated  solvents  should  not  be  used  as 
flushing  or  decontamination  fluids  unless  specifically  tested  previously  under 
the  conditions  of  usage.  Mixtures  of  N2O4  and  mixed  oxides  of  nitrogen 
and  the  following  partially  halogenated  solvents  can  be  initiated  by  heat  and 
shock,  yielding  violent  explosions. 

Methylene  chloride 

1,1,1  -  Trichloroe thane  (Methylchloroform) 

Trichloroethylene 

Perchloroethylene 

Chloroform 

Carbon  Tetrachloride 

Dichloroethylene 

1,2  -  Oichloroethane 

Asymmetrical  Tetrachloroethane 

Mixtures  of  N2O4  and  ethylene  glycol  when  confined  will  react  explosively. 
BIA.2.5  Environmental  Effects 

Because  of  huswn  health  and  other  risks  associated  with  nitrogen  oxides,  the 
Federal  Ambient  Air  Quality  Standard  on  nitrogen  dioxide  is  0.05  ppm.  Other 
environmental  effects  are  associated  with  the  generation  of  photochemical  smog 
and  acid  rain.  Nitric  acid  in  surface  and  soil  water  systems  would  react  with 
metals  such  as  calcium  and  magnesium.  The  nitrate  is  a  very  common 
constituent  of  surface  water  systems.  Nitrate  in  drinking  water  supplies  is 
limited  because  of  health  effects  associated  with  consumption  of  high 
concentration  of  nitrate,  particularly  for  infants. 

B14.3  RESERVED 

BU.4  RESERVED 
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BU.S.l  Maf liala 

BlA.S.lkl  Matala  -  The  selection  of  metsls  for  oxide  of  nitrogen  service 
should  be  governed  by  the  oxidiser’s  e^oisture  content.  The  following  metsls 
are  suitable: 

a.  When  moisture  is  0.1  percent  or  leas 

Carbon  steels 
Aluminum 
Stainless  steels 
Nickel 
Inconel 

b.  When  moisture  content  is  above  0.1  percent 

Stainless  steel  (300  aeries) 

BlA.5.1.2  Non-Ms tala  -  The  following  non-metala  may  be  used: 

Ceramic  (acid-resistant) 

Pyrex  glass 

Polytetraf luoroethylene  (TFB  or  equivalent) 

Polyethylene  (limited  use) 

B14.S.1.3  Lubricants  -  Hydrocarbon  lubricants  react  with  oxidiserst  and 
therefore  must  be  avoided.  The  following  lubricants  are  resistant  to  strong 
oxidisers  and  may  be  used: 

Fluorocarbon  oils,  greases  and  waxes 
Nordco  seal-147  and  DC  234S  or  equivalent 
Polytetraf luoroethylene  tape 

B14.5.2  Equipment 

B14.S.2.1  Cflnt.ainfiU  -  Oxides  of  nitrogen  are  shipped  in  cylinders •  tank 
trucks  and  tank  cars.  They  stay  be  stored  in  cylinders  and  tanks  (main  storage 
and  mobile).  See  Section  B14.5.1.1  for  the  approved  metals  for  container 
construction. 

The  tanks  should  be  of  welded  construction  and  should  be  constructed  according 
to  the  ASNE  Boiler  and  Pressure  Vessel  Code  (Reference  IS).  Since  oxides  of 
nitrogen  do  not  present  a  corrosion  hatard.  the  tank  my  be  equipped  with 
bottom  outlets  for  transfer  and  cleaning.  The  tanks  should  be  equipped  with 
adequate  pressure  relief  valves. 

Storage  tanks  for  service  in  mixed  oxides  of  nitrogen  require  higher  pressure 
ratings  than  if  used  only  for  NTO.  Storage  tanks  must  be  equipped  with  both 
topfill  lines  and  fuiiie-retum  (or  vent)  and  pressure-balance  lines.  This 
design  is  necessary  to  keep  the  system  closed  during  transfer  and  filling 
operations.  The  tanks  should  also  be  equipped  with  liquid-level  gauges  and, 
if  practical,  a  high-  and  low-level  alarm  system. 
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Th«  d««lgn  and  construct ‘on  of  moblls  tanks  should,  insofar  as  poastbla, 
coMply  with  DOT  rsgulstions.  This  would  avoid  ths  uas  of  low-prsssura  tanks 
which  aay  bs  satisfactory  for  stationary  atoraga  but  too  light  for  saf« 
handling  in  transit. 

B14.S.2.2  Pii»p«  *nd  Hoaa  -  Transferring  nitrogen  tetroxide  and  nixed  oxides 
of  nitrogen  by  punp  is  preferred  because  it  ninisiiaes  the  possibility  of 
introducing  smiature  into  the  ayaten.  The  puaipa  shell  be  constructed  of  an 
approved  awterial  and  suiy  be  of  the  centrifugal  or  rotary  type.  A  eeal-lesa 
punp  of  stainless  steel  construction  is  reco—snded •,  as  the  design  includes  no 
exposed  shafts.  The  gear  type  of  rotary  puaip  is  widely  used  for  sk«11  voIubw 
propellant  service.  This  type  of  punp  can  use  nechanical  seals  in  place  of 
packing,  and  is  quite  reliable.  The  seal  awterial  should  not  contain  carbon 
or  graphite.  Roses  should  be  fabricated  of  polytetrof luoroethylene  with 
stainless  steel  braid  and  fittings.  Flexible  awtal  hoses  of  stainless  steel 
construction  are  also  satisfactory.  The  hose  aust  be  designed  for  the  service 
intended. 


B14.S.2.3  Lights  -  Teaporary  portable  extension  cords  with  lights,  used  in 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
Bureau  of  Hines. 

Flash  lights  or  storage  battery  laapa,  where  peraitted  for  use,  should  be  of 
the  safety  type  approved  by  the  Bureau  of  Mines,  or  as  accepted  by  the  current 
edition  of  the  National  Electrical  Code  (Reference  16). 

B14.5.2.4  ?loea  and  Fittings  ~  The  pipes  and  fittings  should  be  of  approved 
construction  aateriala  (Section  B14.5.1.1)  and  should  be  tested  for  the  design 
working  pressure.  Whenever  possible,  piping  and  fittings  shall  be  welded. 
Threaded  connections  should  be  sealed  with  thread  sealing  compound  of  water 
glass  (disodiuB  silicate)  arid  graphite  and  polytetrafluoroe>':hylene  tape. 

B14.5.2.5  Gaskets  -  Gaskets  and  "0"  rings  swy  be  fabricated  fros  any  of  the 
recoonended  non-aetals  listed  in  Section  BIA.5.1.2. 

B14.5.2.6  Pressure  Gauges  -  Stoiidard  type.,  of  pressure  gauges  nade  of 
coeipatlble  naterlals  and  cleaned  for  oxidiser  service  should  be  used  with  NTO 
and  HON.  In  order  to  ninimize  operator  reading  errors,  all  pressure  gauges 
used  for  a  coasson  purpose  should  have  identical  scales. 

B14.5.2.7  Valves  -  Leakage  cannot  be  tolerated  in  valves  selected  for  mixed 
oxides  of  nitrogen  service.  Where  full  flow  with  minimum  pressure  drop  is 
required,  ball  valves  may  be  used;  however,  seal  design  is  critical.  Needle 
valves  can  be  used  for  bleed,  sampling,  and  purge  systems. 

Polytetrof luoroethylene  chevron  packing  is  reconsended  for  vclve  stem  seals. 
Valve  body,  construction  should  be  of  stainless  steel.  Valve  trim  should  be 
polytfttraf luoroethylene  or  polychlorotrlf luoroethylene.  Gate  and  butterfly 
valves  should  be  avoided  for  nitrogen  tetroxide  service  due  to  particle 
migration  problems  in  a  soft  scaled  valve  of  thi.s  type. 

B14.5.2.8  Venting  Systems  and  Pressure  Relief  -  Venting  and  safety  relief 
equipment  should  be  constructed  of  compatible  materials  as  given  in  Section 
B14.5.1,  and  provided  as  required. 

B14.5.2.9  Grounding  -  All  tanks  should  be  properly  grounded. 
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PROPERTY 

ENGLISH  UNITS 

SI  UNITS 

Boiling  Point 

70.1®F 

294.2:  K 

Freexing  Point 

11.8®F 

261.06  K 

Density  (Gm) 

0.206  Ib/H* 
at70«F 

i  -  kg/m* 

294  K 

(Liquid) 

12.1  Ib/gal 
at  6II«F 

1.46  Mg/m* 
at  293  K 

SpeciRe  Gnsvity  (Vnpor) 

(relative  to  STP  air) 

2.8 

2.8 

(Liquid) 

(Water  -  1  at  2fl3  K  (S80F)| 

1.46 

1.46 

Critical  Density 

4.66  Ib/gai 

0.660  Mg/m* 

Critical  Pressure 

1464.6  psia 

lO.I  MPa 

Critical  Temperature 

316J«F 

431.4  K 

Vapor  Pressure 

6.1  psia 
at32“F 

36  kPa 
at  273.16  K 

11.31  psia 
at60«F 

78  kPa 
at  288.16  K 

66.26  psia 
at  112«F 

338  kPs 
at  323.16  K 

200  psia 
at  212®F 

2.0  MPa 
at  373.16  K 

Coefficient  of  Kinematic 

Viscosity 

0,287  centistoices 
at  68*F 

2.B7  X  10-*  m*/s 
at  298  K 

Absolute 

0.416  centipoiscs 
at  68®F 

4.16  X  10-«  Pa  s 
at  203  K 

Autoignition  Temperature 

Non  flammable 

Flash  Point 

Non  flammable 

Flammability  Limits  Lower: 

Upper: 

Non  flammable  in  air 

Figure  B14-1  Physical  Properties  of  N2C4  (NTO)  (MW  »  92.014  g  mol) 
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CHAPTER  BIS 
FUMING  NITRIC  ACID 


B15.1  INTRODUCTION 
B15.1.1  Identification 

The  fuming  nitric  acids,  FNA,  as  specified  in  Military  Specification 
MIL-P-7Z54  series  (Reference  1),  are  identified  by  chemical  composition 
(percentage  by  weight)  with  the  limits  as  listed  in  Table  BlS-1.  Type  IlIB  is 
also  known  as  inhibited  red  fuming  nitric  acid  (IRFNA).  Type  IV  is  high 
density  acid  (HDA)  or  inhibited  maximum  density  fuming  nitric  acid  (IMDFNA). 

B15.1.2  General  Appearance  and  Common  Uses 

The  nitric  acids  discussed  in  this  chapter  are  fuming  liquids  which,  depending 
upon  the  amount  of  dissolved  nitrogen  oxides,  vary  from  colorless  to  reddish 
brown.  Fuming  nitric  acid  (FNA)  is  a  light  orange  to  orange-red  (Reference 
2),  clear,  strongly  fuming,  very  corrosive  liquid  which  evolves  toxic  nitric 
acid  vapor  and  yellow-red  vapors  of  nitrogen  oxides.  They  are  used  as  Rocket 
Propellant  oxidizers. 

B15.1.3  Physical  and  Chemical  Properties 

Fuming  nitric  adds  (FNA)  consist  of  concentrated  nitric  acid  containing  added 
nitrogen  dioxide.  The  water  content  la  low,  and  hydrogen  fluoride  is  added  as 
an  inhibitor.  Vapors  from  these  acids  have  a  characteristic  pungent  odor. 

B15. 1.3.1  Solubility  -  Nitric  Acids  are  soluble  in  water  in  all 

proportions:  there  is  an  accompanying  evolution  of  heat  and  oxides  of 
nitrogen. 


B15.I.3.2  Stability  -  Fuming  nitric  acids  are  unstable  i«. leasing  nitrogen 
dioxide,  nitric  oxide  and  mists  of  nitric  acid  to  the  atmosphere. 

B15.1.3.3  Reactivity  -  The  fuming  nitric  acids  are  highly  corrosive 
oxidizing  agents  and  will  vigorously  attack  most  metals.  They  reach  with  may 
organic  materials,  spontaneously  causing  fire.  In  rare  instances,  on  gross 
contact  with  certain  materials  (e.g.,  hydrazine)  and  when  spontaneous  ignition 
is  delayed  because  of  degraded  materials,  an  explosion  may  occur.  The  nitric 
acids  will  react  with  sea  water,  releasing  large  quantities  of  toxic  nitrogen 
oxides.  THese  chemicals  are  hygroscopic. 

B15.1.3.4  Environmental  Fate  -  Nitrogen  tetroxlde  is  a  highly  toxic  gas  with 
corrosive  mist.  Nitrous  oxide  is  relatively  unreactive  and  inert  to  the 
halogens,  alkali  metals  anr*  ozone  at  room  temperature.  In  water,  nitrogen 
tetroxide  reacts  to  produce  nitric  and  nitrous  acids. 

N2O4  +  H2O  HNO3  HNO2 


In  the  atmosphere,  nitrogen  dioxide  is  very  rapidly  photochemically  decomposed 
to  nitrogen  oxide  and  atomic  oxygen.  The  typical  half  life  for  nitrogen 
dioxide  in  sunlight  is  about  2  minutes.  Atomic  oxygen  reacts  with  water  to 
form  hydroxyl  radicals  >:hlch  are  significant  in  atmospheric  reactions  and  in 
the  formation  of  photochemical  smog.  Nitrogen  oxides  are  caught  up  in  an 
oxidation  cycle  in  the  atmosphere.  Within  this  cycle  nitric  acid  is  formed, 
which  can  be  washed  out  and  returned  to  the  land  in  precipitation  events. 

B15.2  HAZARDS 

B15.2.1  Health  Bfl&ardg 

B15.2.1.1  Toxicity  -  FNA,  in  contact  with  any  surfaces  of  the  body  (skin, 
mucous  membranes,  eyes)  destroys  tissue  by  direct  action.  It  stains  the  skin 
and  tissue  yellow  or  yellowish  brown.  Sustained  contact,  more  than 
instantaneous,  will  result  in  a  chemical  bum.  FNA  vapors  are  highly 
irritating  and  toxic  to  the  respiratory  tract.  Immediately  after  exposure  to 
dangerous  concentrations,  there  may  be  coughing,  increased  respiratory,  rate, 
asthmatic-type  breathing,  nausea,  vomiting,  and  marked  fatigue.  A  fatal 
pulmonary  edema  may  develop. 

B15.2.1.2  ExpQgItft  LlaltS 

B15.2.1.2.1  Threshold  Limit  Value-Time  Weighted  Averaee  (TLVrJMAl  (See 
References  4,  5  and  6)  -  FNA  contaminates  the  surrounding  atmosphere  with 
nitric  acid  mists  nitric  oxide,  the  nitrogen  dioxide  for  (its  dimer  nitrogen 
tetroxide).  Consequently,  a  threshold  limit  value  for  FNA  has  not  been 
established.  However,  the  atmospheric  threshold  limit  values  for  its  more 
toxic  components  are  as  follows: 

Nitric  acid  mist  2  ppm  (5  mg/m^) 

Nitrogen  dioxide  3  ppm  (6  mg/m^) 

Nitric  Oxide  25  ppm  (30  rng/m^) 


Table  B15-1  Fuming  Nitric  Acids  -  Chemical  Composition 

(Percentage  by  Weight) 


NITROGEN 

DIOXIDE 

HYDROGEN 

TYPE 

COMMON  NAME 

WATER 

NITRIC  ACIDS 

SOLIDS  AS 

FLUORIDE 

(NOz) 

(HzO) 

(HNO3) 

NITRATES 

INHIBITOR 

IIIB 

Inhibited  red  fuming 
nitric  acid  (IRFNA) 

13-15 

1.5-2. 5 

81.6-84.8 

0.04  max 

0.7 

IV 

High  Density  Acid  (HDA) 

42-46 

0.5  max 

52.7-57.4 

0.04  max 

0.7 

The  following  IDLE  values  are: 

Nitric  acid  mist  100  ppm  (250  mg/m^) 

Nitrogen  dioxide  50  ppm  (100  mg/ni^) 

Nitric  Oxide  100  ppm  (120  Dg/n^) 

The  short  term  exposure  limit  (TLV-STEL)  is  as  follows: 

Nitric  acid  mist  h  ppm  (10  mg/m^) 

Nitrogen  dioxide  5  ppm  (10  mg/m^) 

Nitric  Oxide  35  ppm  (45  mg/m^) 

B15.2.1.2.2  Emergency  Exposure  (See  Reference  7)  -  The  following 

recommended  emergency  exposure  limits  for  nitrogen  dioxide  have  been  set: 

10  minutes  30  ppm  (54  mg/m^) 

30  minutes  20  ppm  (36  mg/m^) 

60  minutes  10  ppm  (18  mg/m^) 

B15.2.1.3  Special  Medical  Information  (See  References  7  and  8)  -  Exposure  to 
dangerous  atmospheric  concentrations  of  the  oxides  of  nitrogen  may  cause  spasm 
of  the  terminal  bronchioles  and  disturbance  of  reflexes  affecting 
respiration.  Circulatory  collapse  may  ensue*  or  the  symptoms  may  subside  and 
reappear  several  hours  later  with  the  onset  of  pulmonax^  edema.  Complete  rest 
from  the  moment  of  exposure  is  essential  even  if  the  initial  symptoms  are  not 
particularly  alarming.  The  individual  should  be  hospitalized  promptly. 

Certain  signs  indicating  that  severe  lung  damage  has  occurred  may  appear 
within  the  first  few  hours.  They  are  an  increase  in  platelets  in  the  venous 
blood,  often  as  great  as  60  to  100  percent,  a  decrease  in  blood  pressure,  and 
an  increase  in  the  hemoglobin  content  of  the  blood.  Spasmodic  cough  and 
dyspnea  appearing  several  hours  after  the  exposure  are  evidence  of  the 
development  of  pulmonary  edema.  Bronchopneumonia  may  be  a  complication. 

Oxygen  therapy  is  indicated  if  there  are  signs  of  hypoxia  or  if  respiratory 
distress  is  present.  The  use  of  respiratory  depressant  drugs  should  be 
avoided  and  the  use  of  cardiac  drugs  should  be  limited  to  threatened  heart 
failure.  Antibiotics  may  be  indicated  in  combating  complications  such  as 
pneumonia. 

If  no  symptoms  develop  during  a  24-hour  observation  period,  the  individual  may 
be  allowed  to  resume  his  normal  activity,  but  he  should  remain  under  periodic 
medical  surveillance  for  at  least  two  weeks  as  a  precautionary  measure  against 
the  development  of  complications. 

Chronic  exposure  to  low  concentrations  of  the  oxides  of  nitrogen  may  produce 
wearing  down  and  decay  of  the  teeth,  pulmonary  emphysema,  and  chronic 
inflammation  of  the  respiratory  passages,  often  with  ulceration  of  the  nose  or 
mouth. 
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FNA  in  contact  with  the  eye  causes  Irreparable  damage  in  a  matter  of  seconds; 
therefore,  emphasis  should  be  on  immediate  eye  irrigation  and  other  adequate 
first  aid  or  self  aid  measures.  After  that,  the  individtial  should  be  seen 
promptly  by  the  physician  and  eye  irrigation  should  be  continued  utillclng 
sodium  bicarbonate  as  a  chemical  antagonist.  Subsequent  treatment  should  be 
determined  by  an  ophthalmologist.  It  is  difficult  to  tell  soon  after  exposure 
how  great  the  risk  has  been.  Despite  their  protestations,  persons  so  exposed 
should  be  kept  under  observation  for  at  least  24  hours;  those  known  to  have 
been  seriously  exposed  should  be  removed  to  a  hospital.  Absolute  rest  is 
essential.  Patients  should  be  kept  warm  but  not  overheated.  The 
administration  of  oxygen  is  often  desirable. 

B15.2.2  Fire  and  Combustion  Product  Hazards 

Nitric  acids  by  themselves  will  not  burn.  The  fumes  liberated  by  the  acids 
support  combustion.  The  type  of  fire  that  may  occur  in  the  presence  of  nitric 
acid  is  governed  by  the  combustible  material  or  fuel  involved.  Acid  spills 
may  Ignite  materials  such  as  wood  or  rope,  and  the  fire  will  be  typical  of  the 
materials  burning.  Aniline  and  other  hypergolic  fuels  quickly  ignite  on 
contact  with  acid.  Both  hypergolic  and  nonhypergolic  fuels,  once  ignited, 
undergo  flare  burning  in  contact  with  the  acids.  The  intensity  of  this  type 
of  fire  depends  upon  the  rate  at  which  fuel  and  acid  mix  and,  if  large 
quantities  of  fuel  and  acid  are  mixed  rapidly,  there  may  be  a  violent  reaction. 

B15.2.3  Explosion  Hasarda 

Although  nitric  acid  is  stable  to  mechanical  shock  and  impact,  upon  contact 
with  certain  fuels  (such  as  aniline  or  furfuryl  Alcohol)  it  will  react 
violently.  Nitric  acid  will  form  explosive  mixtures  with  nonhypergolic  fuels 
(such  as  hydrocarbons)  and  with  hypergolic  fuels  if  either  the  fuels  or  the 
nitric  acid  are  not  diluted  with  an  excess  of  water.  In  rare  instances,  as  in 
gross  contact  with  certain  materials  (e.g.,  B2)  and  when  spontaneous 
ignition  is  delayed  because  of  degraded  materials,  an  explosion  may  occur, 

High  temperatures  in  confined  spaces  may  cause  containers  or  other  equipment 
to  rupture  from  pressure  build-up. 

B15.2.4  Environmental  Effects 

Because  of  human  health  and  other  risks  associated  with  nitrogen  oxides,  the 
Federal  Ambient  Air  Quality  Standard  on  nitrogen  dioxide  is  0.05  ppm  (0.1 
mg/m^).  Other  environmental  effects  are  associated  with  the  generation  of 
photochemical  smog  and  acid  rain.  Nitric  acid  in  surface  and  soil  water 
systems  would  react  with  metals  to  form  calcium  and  mag^esiiim  nitrates.  The 
nitrate,  are  very  common  constituents  of  surface  water  systems.  Nitrates  in 
drinking  water  supplies  are  limited  because  of  health  effects  associated  with 
consumption  of  high  concentration  of  nitrate,  particularly  for  infants. 

B15.3  RESERVED 

B15.4 

B15.5  MATERIALS  AND_ EQUIPMENT  COMPATIBILITY 
BIS.  5.1  Materials 
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B15.5.1.1  Metalfl  -  The  following  types  of  metals  are  approved  for  use  with 
fuming  nitric  acids: 


Altjminum 

Stainless  Steel 

1060 

347 

1100 

19-9  DL 

3003 

19-9  DX 

3004 

304  ELC 

6061 

321 

5052 

303 

5154 

316 

Durlmet  20 

All  other  ferrous  and  nonferrous  metals  and  their  alloys  are  prohibited 
because  they  react  with  fuming  nitric  acid,  producing  toxic  oxides  of  nitrogen 
as  well  as  failures  from  corrosion.  Titanium  metal  and  alloys  of  which 
titanium  is  a  major  constituent  must  be  particularly  avoided  in  FNA  and  IFNA 
systems  because  of  a  possible  fire  hazard. 


B15.5.1.2  Non-Metals  -  The  following  non-metals  are  approved  for  use: 

a.  Kel-F-81,  Teflon  TFE,  Halon  TFE  or  equivalent 

b.  Resln-X  (concrete  protective  coating)  Epoxy,  type  HIL-P-22808A 

B15.5.1.3  Lubricants  -  Three  types  of  lubricants  approved  for  use  with 
fuming  nitric  acids  are  as  follows: 


a.  Nordco8eal-147-S 

b .  Fluorolube 

c .  Ferf luorocarbons 


B13  ''  .  2  Equipment 

lil5.5.2.1  Containers  -  All  storage  tanks  should  be  resistant  to  fuming 
nitric  acids.  See  Section  B15.5.1.1  for  the  approved  metals  for  container 
construction.  Tanks  should  be  constructed  according  to  the  ASMS  Boiler  and 
Pressure  Vessel  Code  (See  Reference  11).  The  tanks  should  be  equipped  with 
adequate  pressure  relief  devices. 

B15.5.2.2  Pumps  and  Hose  -  Acid  hoses  should  be  made  of  flexible  braided 
stainless-steel  wire  with  TFE  or  stainless-steel  bellows  inner  liner. 

B15. 5.2.3  »gbts  -  Temporary  portable  extension  cords  with  lights,  used  in 
.tin''  interior  of  containers,  should  be  of  a  type  approved  by  the 
uureau  c.  Mines. 

Flash  lights  or  storage  battery  lamps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  Bureau  of  Mines,  or  as  accepted  by  the  current 
edition  of  t’ u  National  Electrical  Code  (Reference  12). 
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B15.5.2.^  Clpea  and  Flttlnf  -  Pipes  and  fittings  should  be  of  approved 
construction  materials  (Section  B15. 5.1.1)  and  should  be  tested  for  design 
working  pressure. 

B15.5.2.5  Gaakets  -  Gaskets  and  "O'*  rings  may  be  fabricated  from  any  of  the 
recoonended  non-metals  in  Section  B15.S.1.2. 

B15.5.2.6  Pressure  Gauges  -  Acid-storage  facilities  should  be  monitored  with 
pressure  gauges  of  approved  stainless-steel  construction  and  cleaned  for 
oxidizer  service.  Tn  order  to  minimize  operator  reading  errors,  all  pressure 
gauges  used  for  a  common  purpose  should  have  identical  scales. 

B15.5.2.7  VaIzba  -  Valve  body  construction  should  be  of  stainless-steel. 

B15.5.2.8  Venting  System  and  Pressure  Relief  -  All  acid-storage  tanks  should 
be  provided  with  a  venting  system  and  with  a  vapor-pressure-relief  valve  of 
adequate  size,  set  a  safe  working  pressure  which  will  be  determined  by  the 
material  and  construction  of  the  tank. 

B15.5.2.9  Grounding  -  All  tanks  should  be  properly  grounded  (See  Chapter  7, 
Section  B7.6.2.6. 
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CHAPTER  B16 
IODINE 


B16.I  PROPERTIES  (Referencaa  1,  2) 

BI6.1.1  Idantlficatlon 

Th«  chemical  formula  for  iodine  is  I2  and  its  molecular  weight  is  2S3.809  g 
mol.  Iodine,  a  halogen,  occurs  naturally  in  sea  water  and  nitrate  bearing 
earth.  Ultrapure  iodine  can  be  obtained  from  the  reaction  of  potassium  iodine 
with  copper  sulfate. 

BI6.1.2  General  Appearance  and  Connion  Uses 

Iodine  is  a  violet-black,  metallic  lustrous  solid,  subliming  at  ordinary 
temperatures  into  a  blue-violet  gas  with  an  irritating  odor. 

Iodine  is  used  in  the  synthesis  of  chemical  intermediates  for  the 
phansaceutlcal,  photographic  and  chemical  industries.  It  is  also  used  during 
the  manufacture  of  photoelectric  cells,  rectifiers  and  specialty  lubricants. 

It  forms  compounds  with  many  elements  but  is  less  active  than  other  halogens 
which  displace  it  from  iodides. 

B16.1.3  Physical  and  Chemical  Properties 

B16.1.3.1  Solubility  -  Iodine  is  only  slightly  soluble  in  water,  but 
dissolves  readily  in  chloroform,  carbon  tdtrachloride ,  or  carbondisulf ide  to 
form  beautiful  purple  solutions. 

B16.1.3.2  Stability  -  Iodine  is  stable. 

B1C,1.3.3  Reactivity  -  Iodine  is  not  combustible  by  itself,  but  can  react 
vigorously  with  reducing  materials. 

B16.1.3.A  Environmental  Fate  -  Iodine  is  a  solid  that  is  slightly  soluble  in 
water  and  sublimes  at  atmospheric  pressure  to  a  violet  vapor.  As  a  vapor 
emission,  iodine  would  absorb  into  atmospheric  particulates  and  to  a  limited 
extent  into  atmospheric  moisture.  In  both  cases,  the  iodine  will  eventually 
be  redeposited  on  land  during  precipitation.  In  surface  water,  iodine  would 
dissociate  over  time  into  the  iodate  form.  lodate  forms  complexes  with  metal 
ions,  particularly  calcium  and  sodium. 

B16.2  HAZARDS 

B16.2.1  Health  Hazards 

B16.2.1.1  Toxicity  -  Iodine  can  enter  the  body  by  inhalation  of  the  gas, 
ingestion,  and  contact  with  the  skin  or  eyes.  The  organs  affected  included 
respiratory  system,  lungs,  eyes,  skin,  central  nervous  system  and  the 
cardiovascular  system.  Symptoms  include  eye  or  nose  irritation,  lacrlmation, 
headache,  chest  constriction,  skin  bums,  cutaneous  hypersensitivity,  mouth 
burning,  vomiting,  abdominal  pain,  diarrhea  and  akin  rash  (Reference  1).  It 
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My  cauM  aevera  breathing  difficulty  after  aoaa  delay.  The  crystalline 
Mterlal  or  strong  solutions  may  cause  severe  irritation  and  skin  burns.  It 
is  difficult  to  remove  from  the  skin.  An  allergic  skin  rash  may  develop. 
Ingeation  of  iodine  or  solutions  may  cause  burning  in  the  mouth,  vomiting, 
abdominal  pain  and  diarrhea,  and  can  be  fatal.  Chronic  exposure  to  iodine  My 
cause  Insomnia,  eye  or  nasal  inflammation,  bronchitis,  tremor,  rapid  heart 
beat,  diarrhea,  and  weight  loss,  Som  persona  may  develop  akin  sensitisation. 

When  heated,  it  emits  highly  toxic  fumes  of  iodine  and  iodine  compounds. 
However,  serious  exposures  seldom  occur  in  industry  due  to  the  solid  materials 
low  volatility  at  room  temperatures  (Reference  3). 

£16.2.1.2  Exposure  Limita  -  The  threshold  limit  value  (TLV)  for  iodine  is 
0.1  upm  (0.1  mg/m^)  (References  4,  5  anD  6).  The  IDU  value  is  10  ppm  (100 
ng/m^).  The  IDLH  value  is  "ismiedlately  dangerous  to  life  or  health," 

Manlng  that  it  la  the  maximum  level  from  which  one  could  escape  in  30  minutes 
without  escape-impairing  symptoms  or  any  irreversible  health  effects 
(Reference  7). 

£16. 2. 1.3  Threshold  Limit  Value-Time  Meieht  Average  (TLV-TWAl 

0.1  ppm  (I  mg/m-^)  (ceiling  value) 

£16.2.1.4  Special  Medical  Information  -  For  first  aid  information,  see 
Appendix  E16,  CPIA  394. 

£16.2.2  Fire  and  Tmahiietlnn  Product  flaxards 

Iodine  ia  non-combuatlble,  but  can  react  vigorously  with  reducing  amteriels. 
£16.2.3  Explosioa  Hazards 

Contact  with  gaseous  or  aqueous  ammonia  forms  a  water-insoluble,  very  shock 
sensitive  explosive  solid.  Contact  with  acetylene,  acetaldehyde,  powdered 
aluminum  or  other  active  metals  may  cause  fires  and  explosions. 

£16.2.4  Environmental  Effects 

Iodine  is  found  in  nature  in  brines  as  iodide  and  as  sodium  and  calcium 
iodates.  Ele-ental  iodine  is  a  strong  oxidising  agent  and  has  been  considered 
as  an  alternative  to  chlorine  as  a  disinfectant.  In  saturated  solutions  in 
water  iodine  dissociates  to  form  hypoiodous  acid  and  hypoiodate.  Hypoiodous 
and  hypoiodate  acids  are  unstable,  however,  and  rapidly  react  to  form 
complexes  with  soluble  metals. 

£16.3  RESERVCP 

£16.4  RESERVED 

£16.5  MATERIALS  AND  EQUIPMENT  GOfJATlBILITY  (References  1,  2) 
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B16.5.1  Materiiiij'.B 


Iodine  is  not  coeibuAtible  by  itself,  but  can  react  vigorously  with  reducing 

agents. 

Contact  of  iodine  with  gaseous  or  aqueous  anmonia  forms  a  water-insoluble 
solid  that  ia  very  sensitive  to  shock  when  dry  and  will  explode,  causing 
fires.  Contact  with  acetylene,  acetaldehyde,  powdered  aluminum,  or  other 
active  metals  may  cause  fires  and  explosions  (NIOSH). 

B16.5.1.1  Gontalnere  -  Iodine  should  be  stored  in  fixed  or  mobile  containers 
of  approved  design  and  construction,  made  with  properly  selected  material  and 
suitably  sealed.  Materials  that  are  compatible  for  chlorine  are  recommended 
for  use  with  iodine  (See  Chapter  B17,  Section  B17.5.1.1). 
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CHAPTER  B17 
CHLORINE 


B17.1  PJMiSmiES 
B17.1.1  Identification 

The  chemical  formula  for  chlorine  ic  CI2  and  its  molecular  weight  is  70.906 
g  mol.  It  is  available  commercially  in  two  grades  of  purity.  Research  grade 
has  a  minimum  purity  of  99.965  mole  percent.  High  purity  grade  has  a  minlmuia 
99.5  mole  percent. 

B17.1.2  General  Appearance  and  Commcn  Uses 

Liquid  chlorine  is  a  clear  amber-colored  liquid.  Gaseous  chlorine  is 
greenish-yellow.  It  has  a  disagreeable  and  suffocating  odor  with  an 
irritating  effect  on  the  nose  and  throat.  Chlorine  has  many  uses.  Some  cf 
the  most  important  are  the  following: 

a.  for  water  purification 

b.  sanitation  of  swimming  pools,  industrial  wa^te  and  sewage 

c.  manufacture  of  chemicals 

d.  bleaching  of  pulp  and  textiles 

e.  oxidizing  agent 

BI7.1.3  Physical  and  Chemical  Properties 

B17. 1.3.1  Solubility  -  The  solubility  of  chlorine  in  water  at  293K  (68*^)  is 
0.7  g/100  g. 

B17.1.3.2  Stability  -  Chlorine  is  not  combustible  but  is  a  strong  oxidlser. 

B17.1.3.3  Reactivity  -  Chlorine  combines  directly  with  nearly  all  elements. 
It  will  attack  some  forms  of  plastics,  rubbers  end  coatings,  and  it  reacts 
with  practically  all  metals.  Contact  with  combustible  substances  (such  as 
gasoline  and  petroleum  products,  turpentine,  alcohols,  acetylene,  hydrogen, 
ammonia  and  sulfur)  and  finely  divided  metals  may  cause  fires  and  explosions. 

B17.1.3.4  Environmental  Fate  -  A  spi.ll  Or  leak  of  chlorine  gas  would  rapidly 
volatilize  into  the  atmosphere.  Chlorine  is  highly  soluble  in  water, 
therefore  a  gaseous  emission  of  chlorine  would  be  rapidly  absorbed  into 
atmospheric  moisture,  and  returned  to  land  during  precipitation  events.  In 
water,  chlorine  dissociates  to  form  hypochloroiis  acid,  and  hypochlorite,  as 
follows : 


CI2  +  H2O  “  HOCl  +  H+  +  Cl- 
HOCl  «  H+  OCl- 
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Chlorine  Is  a  strong  oxidizer.  In  natural  water  systems  the  chlorine  and  its 
forms  rapidly  react  with  a  variety  of  organic  and  inorganic  compounds.  A 
major  reaction  with  chlorine  is  that  with  nitrogen  forming  chloramines. 

B17.2  HAZARDS 

B17.2.1  Health  Hazards 

B17.2.1.1  Toxicity  -  "Chlorine  is  extremely  irritating  to  the  mucous 
membranes  of  the  eyes  and  respiratory  tract.  It  combines  with  moisture  to 
liberate  nascent  oxygen  and  form  hydrochloric  acid.  Both  these  substances ,  if 
present  in  quantity,  cause  inflammation  of  the  tissues  with  which  they  come  in 
contact.  If  the  lung  tissues  are  attacked,  pulmonary  edema  may  result.  A 
concentration  of  3.5  ppm  produces  a  detectable  odor;  15  ppm  causes  immediate 
irritation  of  the  throat.  Concentrations  of  50  ppm  are  dangerous  for  even 
short  exposures.  1,000  ppm  may  be  fatal,  even  where  the  exposure  is  brief" 
(Reference  5). 

"Because  of  its  intensely  irritating  properties,  severe  industrial  exposure 
seldom  occurs,  as  the  workman  is  forced  to  leave  before  he  can  be  seriously 
affected.  In  cases  where  this  is  impossible,  the  Initial  Irritation  of  the 
eyes  and  mucous  membranes  of  the  nose  and  throat  is  followed  by  cough,  a 
feeling  of  suffocation,  and  later,  pain  and  a  feeling  of  constriction  in  the 
chest.  If  exposure  has  been  severe,  pulmonary  edeaw  may  follow,  with  rales 
being  heard  over  the  chest"  (Reference  5). 

Although  chlorine  can  usually  be  detected  below  the  TLV,  olfactory  fatigue 
develops,  so  that  the  odor  may  not  provide  adequate  warning. 

Liquid  chlorine  can  cause  eye  and  skin  bums  on  contact. 

When  heated,  chlorine  will  react  with  water  or  steam  to  produce  toxic  and 
corrosive  HCl  gas  (Reference  4). 

B17.2.1.2  Exposure  Limits  -  Chlorine  has  a  ceiling  threshold  limit 
value-time  weighted  average  (TLV-IWA)  or  3  mg/ro^  (I  ppm).  Its  threshold 
limit  value-short  term  exposure  limit  (TVL-STEL)  is  given  9  mg/m^  H  ppm) 
(References  6,  7  and  8).  NIOSH  gives  a  value  of  0.5  ppm  (1.5  mg/m^)  for  a 
15  minute  exposure.  The  IDLH  value  is  given  as  25  ppm  (79  mg/m^). 

The  IDLH  value  is  "immediately  dangerous  to  life  or  health",  meaning  that  it 
is  the  maximum  level  from  which  one  could  escape  in  30  minutes  without 
escape-impairing  symptoms  or  any  irreversible  health  effects. 

£17.2.1.3  Special  Medical  Information  -  Chlorine  can  enter  the  body  by 
inhalation  or  contact  with  the  skin  or  eyes.  It  can  cause  damage  to  the  lungs 
and  respiratory  system.  Symptoms  include  burning  of  the  eyes,  nose,  and 
mouth,  lacrimation,  rhonorrhea,  coughing,  laryngitis,  shortness  of  breath, 
choking,  wheezing,  nausea,  vomiting,  substernal  pain,  headache,  dizziness, 
syncope,  pulmonary  edema,  pneumonia,  hypoxemia,  and  dermatitis.  If  it 
penetrates  into  the  lower  airway,  it  may  produce  bronchitis.  Eye  exposure  to 
high  concentrations  may  cause  ulceration  of  the  conjunctive  and  cornea  and 
destruction  of  all  ocular  tissues  (References  3  and  9). 
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B17.2.2  Fire  and  Comhuatlon  Product  Hazarda 


Chlorine  is  non-flammable ,  but  It  is  a  strong  oxidizer  and  supports  combustion 
even  in  the  absence  of  oxygen.  It  can  react  upon  contact  with  turpentine, 
ether,  ammonia  gas,  illuminating  gas,  hydrocarbons,  hydrogen,  and  powdered 
metals  to  cause  fires  or  explosions.  It  does  not  have  hazardous  decomposition 
products  (References  3,  5  and  9). 

B17.2.3  Explosion  Hazard 

It  reacts  vigorously  with  active  metals,  and  corrodes  most  others.  It  reacts 
with  organic  compounds,  and  forms  explosive  mixtures  with  flammable  gases  or 
vapors.  Contact  with  combustible  materials  may  create  a  fire  or  explosion 
hazard  (References  3,  5  and  9). 

B17.2.4  Environmental  Effects  (Reference  10} 

Chlorine  is  not  a  natural  constituent  of  fresh  and  marine  water  systems.  Both 
free  and  combined  chlorine  residuals  have  biocidial  properties.  Chlorine  is 
toxic  to  aquatic  life.  Some  fresh  water  species  are  killed  at  concentrations 
as  low  as  0.006  mg/1  of  combined  chlorine.  Any  accidental  release  of  chlorine 
gas  could  have  serious  effects  on  a  surface  water  (Reference  11). 

B17.:i  RESimQ 

B17.A  E£Sm£fi 

B17.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 
B17.S.1  Materials 

Chlorine  should  be  stored  in  compressed  gas  cylinders  in  accordance  with  29 
CFR  1910.101.  Contact  with  combustible  substances  (such  as  gasoline  and 
petroleum  products,  turpentine,  alcohols,  acetylene,  hydrogen,  ammonia  and 
sulfur)  and  finely  divided  metals  may  cause  fires  and  explosions  (Reference 
13).  It  is  not  combustible,  but  is  a  strong  oxidizer.  Reactivity  with  metals 
increases  with  temperature.  This  may  result  in  a  cylinder  bursting  at 
elevated  temperatures. 

B17.5.1.1  Metals  -  At  normal  or  moderately  elevated  temperatures,  gaseous  or 
liquid  chlorine  is  noncorrosive  to  most  metals.  At  high  temperatures, 
however,  corrosion  presents  a  serious  problem.  Metals  recommended  for  use 
with  chlorine  include: 

Steel 
Cast  Iron 
Wrought  Iron 
Copper  alloys  (most) 

Nickel  alloys  (most) 

Certain  stainless  steels 
Lead 
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Wet  chlorine  does  not  attack: 


High  silica  iron 

Monel 

Platinum 

Silver 

Tantalum 

More  detailed  material  information  may  be  obtained  from  manufacturer 
specifications. 

B17.5.1.2  Non-Metals  -  It  is  difficult  to  predict  the  compatibility  of 
materials  In  all  cases,  since  chlorine  will  attack  some  forms  of  plastics, 
rubber  and  coatings.  At  low  pressures,  wet  chlorine  may  be  handled  in 
chemical  stoneware. 

B17.5.2  Equipment 

B17.5.2.1  Containers  -  All  tanks  should  be  stored  in  containers  resistant  to 
chlorine.  See  Section  B17.5.1.1  for  the  approved  metals  for  container 
construction. 

B17.5.2.2  Pipes  and  Fittings  -  Extra  heavy  black  iron  or  steel  pipe  is 
recommended  for  dry  liquid  or  gaseous  chlorine. 
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CHAPTER  B18 
NITROGEN  TRIFLUORIDE 


B18.1  PROPERTIES 


The  information  in  this  chapter  is  applicable  to  gaseous  and  liquid  nitrogen 
trifluoride  unless  otherwise  specified. 

B18.1.1  Identification  (References  1  and  2) 


The  propellant  nitrogen  trifluoride  (NF3)  may  be  used  as  an  oxidiser  in 
either  gaseous  or  liquid  form.  Air  Products  and  Chemicals  Co.  is  the  only 
known  commercial  producer  of  NF3  and  a  typical  composition  of  their  product 
analysis  is  shown  in  Table  B18-1.  The  military  specification  for  nitrogen 
trifluoride  was  given  by  the;  Air  Force  in  its  procurement  of  NH3  during  the 
1977-78  fiscal  year  (See  Table  B18-2).  The  molecular  weight  of  nitrogen 
trifluoride  is  71.00  g  mol. 

B18.1.2  General  Appearance  (Reference  2) 


Pure  nitrogen  trifluoride  is  a  colorless  gas  at  room  temperature  and 
atmospheric  pressure.  It  condenses  to  a  colorless  liquid  at  144.12  K 
(-200.2S*F).  It  is  nearly  odorless  and  its  toxicity  requires  special 
precautions  to  limit  the  extent  of  Inhalation. 

B18.1.3  Chemical  and  Physical  Properties  (References  2  and  3) 

The  chemical  and  physical  properties  of  nitrogen  trifluoride  are  given  in 
Figure  B13-3. 

B18. 1.3.1  Solubility  (Reference  2)  -  The  solubility  of  gaseous  nitrogen 
trifluoride  is  ve..>  low  in  liquids  such  as  water  and  anhydrous  hydrogen 
fluoride.  The  liquid  is  completely  miscible  in  all  proportions  with  the 
following  liquids:  Oxygen,  ozone,  fluorine,  oxygen  fluorides,  nitrogen,  argon 
and  carbon  tetraf luoride. 


B18.1.3.2  Stability  (Reference  4)  -  Nitrogen  trifluoride  is  reasonably 
stable  to  hydrolysis  by  pure  water  and  dilute  aqueous  acid  and  base.  It  has 
been  quantitatively  recovered  from  aqueous  solutions  after  a  week  at  405K 
(270*F).  Oxidation,  reduction  or  fluorination  processes  are  relatively 
difficult  to  achieve  without  a  high  energy  activation  sources  such  as  a  glow 
discharge  system  or  high  temperature  reaction  conditions. 

When  stored  in  a  properly  prepared  container  of  approved  materials,  gaseous 
and  liquid  nitrogen  trifluoride  are  stable  indefinitely. 
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Table  B18-1  Conposltlon  of  "Typical"  Air  Producta 
NF3(1)  (Reference  1) 


COMPONENT 

X 

NF3 

99. 3A 

4 

0.27 

CO  +  O2 

0.30 

N20 

0.038 

N2 

0.0A2 

CO  2 

0.006 

Active  Fluorides  as  BF 

0.0024 

(1)  Mean  valuea  based  cn  analyses  of  nine  cylinders 

Table  B18-2  Air  Force  Procurenent  Specification  for 
NF3  (Reference  2) 


COMPONENT 

X  Weight 

NF3  (min.) 

98 

Total  Impurities  (aiax.) 

2 

N2  +  O2  +  CO  (oiax. ) 

1 

CF4  (max.) 

1 

N2  (max.) 

0.2 

CO2  (max.) 

0.1 

N2F2  (max.) 

0.1 

Total  Active  Fluorides 

as  HF  (max.) 

0.1 
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B18.I.3.3  Reactivity  -  Nitrogen  trifluor^de  at  high  temperatures  is  a 
powerful  oxidising  agent  but  is  less  reactive  than  fluorine.  It  is 
thermodynamically  stable  and  inert  to  most  materials  at  low  and  moderate 
temperatures.  It  is  similar  to  oxygen  in  reactivity.  At  temperatures  which 
cause  appreciable  dissociation  of  its  molacules,  it  takes  on  the  reactive 
character  more  akin  to  that  of  fluorine.  Nitrogen  trifluoride  reacts  readily 
with  alkali  metals  and  barium,  but  even  with  these  elements,  gentle  heating  is 
required  to  achieve  extensive  rapid  reactions  (Reference  5).  Nitrogen 
trifluoride  is  also  capable  of  reacting  with  many  inorganic  compounds  if  the 
energy  for  activation  is  available.  When  any  reaction  with  NF3  occurs r.  high 
heats  of  reaction  are  comnon,  many  sufficiently  energetic  to  cause  ignition. 
Gaseous  mixtures  with  carbon  monoxide  are  stable  at  room  temperature  but  are 
known  to  explode  on  warming.  Diborane  mixtures  with  NF3  detonate  on 
condensing  the  gaseous  phase. 

B18.1.3.4  gnvironmental  Fate  -•  Gaseous  nitrogen  trifluoride  being  heavier 
than  air  will  settle  in  the  low-lying  areaa  and  can  be  washed  down  into  the 
soil  where  it  will  eventually  be  reacted  or  absorbed  by  plants.  Background 
concentrations  of  fluorides  in  soils  are  common  from  the  weathering  of  natural 
deposits  of  fluorospar  (calcium  fluoride)  and  fluorapatlte.  High 
concentrations  of  fluoride  (4  ppm)  in  drinking  water  have  been  associated  with 
water  pumped  from  wells  ranging  from  304.8  to  609.6  m  (1,000  to  2,500  ft)  in 
depth  (Reference  6).  Surface  water  concentrations  of  fluoride  are  usually 
low,  less  than  1  ppm.  See  Section  B18.2.4. 

B18.2  HAZARDS 

B18.2.1  Health  Hazards 

Nitrogen  trifluoride  is  nearly  odorless  but  is  toxic.  Gaseous  nitrogen 
trifluoride  Is  innocuous  in  skin  contact.  Direct  contact  with  the  liquid, 
however,  would  cause  a  cryogenic  bum. 

B18.2.1.1  Toxicity  (References  2  and  5)  -  Gaseous  nitrogen  trifluoride  is  a 
minor  irritant  to  the  eyes  and  -qucuous  membranes.  It  is  nearly  odorless  but 
is  toxic  when  inhaled.  The  a.,  a  toxic  effect  is  formation  of 
methemoglobinemia,  a  modified  form  of  hemoglobin  Incapable  of  transporting 
oxygen  to  the  tissues.  High  levels  of  exposure  may  cause  chemical  cyanosis. 
Severe  exposure  in  animals  is  accompanied  by  respiratory  distress  and 
collapse,  however  the  recovery  is  complete  in  the  survivors.  In  chronic 
intoxication  there  are  no  outward  symptoms  but  damage  to  the  liver  and  kidneys 
have  been  observed  in  rats .  Direct  contact  with  liquid  nitrogen  trifluoride 
will  cause  a  cryogenic  bum. 

Additional  information  on  the  mean  lethal  dosage  of  NF3  in  animals  can  be 
found  in  Pisacane  and  Baroody,  1976  (See  Reference  5). 

B18.2.1.2  Exgoflure  Limita 

BI8.2.I.2.I  Threohold  Limit-Time  Weighted  Average  (TLV-TWA)  (References  2,  5, 
7,  8  and  9)  -  For  NF3  the  TLV-TWA  is  10  ppm  (30  mg/m^)  as  established  by 
the  American  Conference  of  Governmental  Industrial  Hygienists  (ACGIH)  and  the 
corresponding  permissible  exposure  limit  (OSHA)  is  20  ppm  (58  mg/m^).  The 
IDLH  value  is  2000  ppm  (5.8  g/m^). 
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B18.2.1.2.2  Ear^ncv  ExpoMur*  Liaif  {ElD  (R«if«r«nc«i  1,  4  and  10)  -  The 
eewrgency  exposure  liait  (EEL)  defines  the  “sintle  brief  sccidentsl  exposures 
without  pemsnent  toxic  effects.  Tltese  lisiits  are  not  intended  to  replace 
accepted  safe  practices  and  should  be  accoeipanied  by  appropriate  medical 
surveillance"  (Reference  11).  National  Academy  of  Sciences •  National  Research 
Council  (Reference  12)  Coascittee  on  Toxicology  recommends  that  the  EEL  for 
nitrogen  trifluoride  be  the  following: 

lU  min  2250  ppm  (7.13  g/m^) 

30  min  750  ppm  (2.38  g/m^) 

60  min  375  ppm  (1.19  g/m^) 

B18.2.1.3  Special  Medical  Information  -  Nitrogen  trlfluorlde  is  a  pulmonary 
Irritant  and  also  produces  kidney,  liver  and  possible  spleen  Injuries 
following  sublethal  exposures.  Upon  removal  from  the  contaminated  atmosphere, 
the  metheiDOglobin  formed  in  the  blood  as  a  result  of  exposure  spontaneously 
reverts  back  to  hemoglobin.  Oxygen  therapy  should  be  started  at  once  by 
trained  personnel  and  preferable  under  the  direction  of  a  physician.  This 
therapy  should  continue  for  periods  up  to  6  hours.  Allow  the  patient  to  rest 
under  close  supervision  until  all  possibility  of  secondary  complications  can 
be  discounted.  Be  aware  of  possible  anemia  and  impaired  kidney  functions  and 
seek  competent  medical  follaw-np. 

B18.2.2  Fire  and  Combustion  Product  Haiards  (Reference  2) 

Nitrogen  trifluoride  is  a  powerful  cxidiser  and  can  react  violently  with 
fuels,  e.g.,  grease,  oil,  etc.  The  energy  released  from  the  combustion  of 
fuels  with  NF3  is  much  greater  than  with  O2.  Burning  rates  of 
NF3-hydrocarbon  mixtures  are  much  higher  than  foi  the  corresponding  O2 
mixtures,  and  the  f lasmablllty  ranges  are  broader.  Like  02>  NF3  can  be 
mixed  with  gaseous  fuels  at  room  temperatures  without  reacting.  However, 
exposing  the  mixtures  to  an  ignition  source  such  as  a  hot  surface,  a  spark  or 
flame  can  initiate  a  violent  reaction.  This  violent  reaction  swy  be 
characterised  as  a  rapidly  propagating  flame  front,  an  explosion,  or  even  a 
detonation  depending  upon  the  nature  of  the  mixture  and  its  composition, 
temperature,  pressure,  and  degree  of  confinmeent. 

Static  testing  of  engines  using  nitrogen  trifluoride  produces  hydrogen 
fluoride  as  the  major  exhaust  product.  Hydrogen  fluoride  is  more  toxic  than 
nitrogen  trifluoride  and  currently  acceptable  TLV  is  3  ppm  as  compared  to  10 
ppm  for  NF3.  Tiie  EEL's  (NAS/NRC  1968,  Reference  12)  of  the  exhaust  gas 
product  hydrogen  fluoride  are  as  follows: 

10  min  20  ppm  18  mg/m^ 

30  min  10  ppm  9  mg/m^ 

60  min  8  ppm  7  mg/m^ 

Nitrogen  trlfluorlde  is  unlike  fluorine  in  that  it  is  relatively  insoluble  in 
water  and  does  not  react  spontaneously  with  atmospheric  moisture.  However,  an 
electric  spark  will  Ignite  gaseous  Nf3  in  atmospheric  aioisture  causing 
violent  reaction  (Reference  A). 
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B18.2.3  Exploaion  Bmzmrda  (Referenca  4) 


Nitrogen  trifluoride  ia  not  ahock  senaitive.  It  ia  leaa  reactive  than 
fluorine  and  when  dry,  it  will  not  detonate  with  a  apark  input.  In  a  moiat 
atmoaphere  and  with  a  apark  inpvit,  the  following  explosive  reaction  will 
proceed: 

a.  H2O  -t  2/3  NF3  -  2  HF  +  1/3  NO  +  1/3  NO2  ♦  33.9  kcal 
(proceeda  with  brown  flame  at  572  K) 

b.  H2O  *  2/3  NF3  -  2  HF  1/2  0^  +  1/3  N2  +  41.5  kcal 
(thermodynamically  favored  in  exploaion) 

Preasure  rupture  may  occur  when  liquid  nitrogen  trifluoride  is  trapped  in  a 
closed  system  and  refrigeration  is  not  maintained.  Liquid  nitrogen 
trifluoride  trapped  between  closed  valves  can  cause  violent  rupture  of  the 
valves  and  associated  piping.  Storage  and  transfer  equipment  designed  for 
supercritical  pressures  must  take  these  considerations  into  account. 

B18.2.4  Environmental  Etfecta 

Nitrogen  trifluoride  gas  because  of  its  relative  inertness  compared  to  other 
Inorganic  fluoride  compounds  will  in  time  degrade  and  react  with  the  soil  and 
plant  life.  Damages  to  the  plant  and  animal  life  are  practically  nil  because 
of  this  degree  of  inertness  and  its  relative  insolubility  in  water  (Reference 
2).  Its  degradation  products  eventually  form  the  nitrates  and  fluoride  salts 
in  reactions  with  the  soil  (See  Section  B18.1.3.4). 

B18.3  RESERVED 

B18.4  RESERVED 

B18.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY  (Reference  15) 

B18.5.1  Materials 

The  selection  of  materials  suitable  for  nitrogen  trifluoride  systems  must  be 
governed  by  two  important  factors: 

a.  The  resistance  of  the  materials  to  nitrogen  trifluoride  attack 

b.  The  material's  mechanical  strength  and  characteristics  at 
cryogenic  temperatures . 
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Matala  -  Metals  considered  satisfactory  for  handling  gaseous 
nitrogen  trifluoride  at  tesiperatures  up  to  344  K  (160*F)  are  as  follows: 

nickel  stainless  steel 

mild  steel  Monel-K 

copper  aluminum 

inconel 

NOTE 

These  and  jther  metals  may  also  be  suitable  for  use  at  higher 
temperatures  and  with  specific  operating  conditions.  For  liquid 
nitrogen  trifluoride  the  following  metals  are  recommended: 

aluminum  stainless  steel 

nickel  types  301 i  304L« 

copper  316.  321 «  309Cb, 

Monel-K  310,  and  347 

In  low  temperature  service,  stainless  steel  has  been  used  successfully. 

B18.5.1.2  Non-Metals  -  Polytetraf luoroethylene  (Teflon,  TF,  KEL  F-81,  Halon 
TFE,  or  equivalent)  are  acceptable  for  use  at  moderate  pressures  and  low  flow 
rates  with  nitrogen  trifluoride.  TFE  tape  haa  been  used  extensively  as  a 
thread  sealant  for  gaseous  service. 

Plastics  acceptable  for  use  with  liquid  nitrogen  trifluoride  under  flow 
conditions  are: 

Carbon  CJPS 

polytetraf luoroethylene 
PFA  Teflon  KEL  F-81CTFE 

These  materials  are  also  oompatible  for  liquid  flow  system. 

Glass  has  been  used  successfully  in  low  temperature  service. 

B18.5.1.3  Lubricants  -  Lubricants  suitable  for  use  with  nitrogen  trifluoride 
at  high-velocity  compressed  gas  flow  at  isoderate  temperature  below  450  K 
(350*F)  are: 

Fluorocarbon  Oil  (FC-75) 

Petroleum  Jelly  (vaseline) 

Light-weight  Machine  Oil  (Walco  *985) 

B18.5.2  Equipment 
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B18.5.2.1  Gontainara  >  Liquid  nitrogen  trifluoride  may  be  atored  in  either 
fixed  or  mobll*  tanka  of  approved  deaign  and  materiala.  Storage  and  ahipping 
containera  dealgned  for  noncryogenic  fluida  ahculd  not  be  uaed  for  thia 
aervicn.  To  inaure  againat  material  or  fabrication  defecta,  atorage  tanka 
ahould  be  teated  in  accordance  with  the  proviaiona  of  applicable  ASHS«  ASTTI, 
and/or  DOT  apecif Icationa  for  preaaure  veaaela.  Materials  uaed  for  preasure 
veaaela  containing  liquid  nitrogen  trifluoride  ahould  be  impact-teated  in 
accordance  with  ASHE  Code  (d).  Paragraph  UG-8A,  Section  VIII  (Reference  16). 

Coutaineis  for  ahippingi  atorlng,  and  transferring  liquid  nitrogen  trifluoride 
should  be  fabricated  in  accordance  with  the  physical  and  struct'.tral 
requirements  dictated  by  the  service  for  which  it  is  intended.  Containers  for 
storing  liquid  nitrogen  trifluoride  may  be  constructed  with  three  horisontal, 
concentric  containers  forming  an  outer  shell,  an  intermediate  shell,  and  an 
inner  shell.  As  dictated  by  the  user,  the  two  inner  shells  ahould  be 
constructed  by  either  Monel  or  stainless  steel.  The  inner  shell  contains 
liquid  nitrogen  trifluoride  and  the  intermediate  shell  contains  liquid 
nitrogen.  The  outer  shell  forms  a  vacuum  jacket  and  may  contain  an  insulating 
material  of  low  thermal  conductivity  such  as  Santocnl  or  Perlite. 

The  moat  cosiaon  storage  condition  has  involved  the  gas  at  ambient  temperature 
and  pressures  up  to  approximately  7  MPa  (1000  palg).  Steel  cylinders  used  as 
shipping  containers  also  serve  as  ground  storage  vessels. 

B18.S.2.2  Pumps  »nd  Hoses  -  Pumps  for  high  pressure  gaseous  nitrogen 
trifluoride  service  should  be  designed,  fabricated  and  installed  in  accordance 
with  pertinent  standards  and  codes. 

Hoses  for  gaseous  nitrogen  trifluoride  should  conform  to  military  or 
industrial  specifications.  Hoses  may  be  fabricated  of  steel,  copper,  brass, 
polyethylene  or  tygon. 

Hoses  for  liquid  service  ahould  be  of  proper  design,  engineered  specifically 
for  this  service.  Copper  and  brass  tubing  has  been  employed  successfully. 

B18.5.2.3  -  Temporary,  portable  extension  cords  with  lights,  used  in 

inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
Bureau  of  Hines.  Flash  lights  or  storage  battery  lamps,  where  permitted  for 
use,  should  be  of  the  safety  types  approved  by  the  Bureau  of  Minas,  or  as 
accepted  by  the  current  edition  of  the  National  Electrical  Code  (Reference  17). 

B18.S.2.4  Pipes  and  Fittings  -  Pipes  and  fittings  for  liquid  nitrogen 
trifluorlde  should  be  fabricated  from  nickel.  Monel,  stainless  steel  (301, 

321,  316,  347),  copper,  or  aluminum.  Welded  and  welded-f lenged  connections 
are  recommended  for  all  applications,  especially  for  piping  over  1  inch  in 
diameter.  All  welds  should  be  made  using  inert  gas  shielding;  welds  should  be 
of  butt  type  and  should  have  full  penetration.  Usually,  liquid  nitrogen 
trifluoride  lines  will  be  insulated  to  prevent  excessive  heat  transfer  to  the 
product.  Metal  tubing  with  compression  AN  type  fitting  of  suitable  material 
is  also  recoimnended  in  sizes  up  to  and  including  12.7  mm  (1/2  in)  O.D. 

Fittings  should  be  used  with  soft  copper  or  aluminum  fittings  rings  and 
conical  seals  to  prevent  leakage.  Swage  type  fittings  with  two  piece 
compression  swaged  locking  arrangement  have  been  found  suitabl.:  ir.  sizes  up  to 
12.7  mm  (1/2  in)  for  use  with  gaseous  and  liquid  nitrogen  trifluorlde  cycling 
between  temperature  of  the  boiling  point  of  the  liquid  and  300  K  (80*?). 
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B18.5.2.5  Gaaketa  -  Gaskets  made  from  any  of  the  followinf  materials  are 
recommended : 


a.  For  gaseous  service:  aluminum »  copper,  lead,  and 
polytetraf luoroethylene  (TFE)  "O-ring”  seals  have  been  used  in 
high  pressure  gas  service. 

b.  For  liquid  service:  aluminum-2S,  copper  and  nickel  can  be  used. 

B18.5.2.6  Pressure  Gauges  -  Liquid  nitrogen  trifluoride  equipment  should  be 
monitored  through  the  use  of  approved  pressure  gauges  as  required.  In  order 
to  lainimlze  operating  reading  errors,  all  pressure  gauges  used  for  a  common 
purpose  should  have  Identical  scales. 

B18.5.2.7  Va^.vea  -  Materials  recommended  for  valve  fabrication  are  stainless 
steels.  Monel,  nickel  or  brass  (zinc  free).  Forged  type  valves  with  metal 
bcillows  or  dlaphrams  have  proved  to  be  the  isost  reliable  in  both  gaseous  and 
liquid  nitrogen  trifluoride  service  and  are  used  moat  often  in  such 
Installaticns.  The  type  of  valve  employed  varies  with  application.  Monel, 
teflon  and  stainless  steel  may  be  used  for  valve  seats.  They  show  excellent 
resistance  to  high  pressure  and  high  velocity  flow  conditions.  Valves  must  be 
free  of  lubricant,  grease,  dirt  and  organic  material  prior  to  installation. 

Valves  designed  for  liquid  or  high  pressure  gaseous  nitrogen  trifluoride 
se:rvice,  should  allow  for  remote  operating.  Valve  packing  nay  be  Teflon, 
copper  braid  with  teflon  or  Kel-F.  Valve  plugs  may  be  made  using  Monel. 

B18.5.2.S  Venting  Systems  and  Pressure  Relief  -  Large  storage  containers 
should  be  insulated,  vacuum- jacketed,  nitrogen-cooled  tanks.  The 
vacuum-inciulated  space  between  the  intermediate  and  outer  shells  should  be 
equipped  with  either  a  rupture-disk  or  a  pressure-relief  device.  The  storage 
container  itself  should  be  of  welded  conscructi.)n.  The  liquid  nitrogen  system 
should  be  equipped  with  an  adequate  vent  line,  «  pressure-relief  valve,  and  it 
should  he  equipped  with  some  alarm  or  other  menns  to  indicate  pressure 
build-up,  but  no  automatic  pressure-relief  devices  are  to  be  installed  on  the 
inner  nitrogen  trlfluoride  product  tank  itself. 

B15.5.2.9  Venting  Systems  and  Pressure  Relief  -  Safety-relief  devices  should 
be  used  with  compressed  nitrogen  trlfluoride  gas. 
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Figure  B18-1  Physical  Properties  of  Nitrogen  Trifluoride  (MW  =  71.00  g  mol) 
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CHAPTER  B19 
HYDROGEN  PEROXIDE 


B19.1  PROPERTIES 
B19.1.1  Identification 

Propellant-grade  hydrogen  peroxide  contains  from  90  (Type  I)  to  98  (Type  II) 
percent  hydrogen  peroxide  (H202)i  the  remainder  being  water.  Military 
Specification  MIL-P-16005  "Propellant  Hydrogen  Peroxide"  covers  this  grade 
(Reference  1).  Hydrogen  peroxide  of  reduced  strength,  70  to  90  percent,  is 
covered  in  NIL-H-22868  "Hydrogen  Peroxide  E-Stabilized"  (Reference  2).  The 
molecular  weight  of  pure  hydrogen  peroxide  is  34.01  g  mol. 

B19.1.2  General  Appearance  and  Common  Uses 

High  strength  hydrogen  peroxide  is  a  clear,  colorless  liquid,  slightly  more 
viscous  than  water.  Hydrogen  peroxide  is  used  as  a  rocket  propellant  oxidizer 
and  as  a  monpropellant,  as  gas  generator. 

B19.1.3  Physical  and  Chemical  Properties  (Reference  3) 

The  physical  properties  of  hydrogen  peroxide  at  70  to  90  percent,  and  98 
percent  composition  by  weight  are  given  in  Figures  B19-1,  B19-2,  and  B19-3. 

B19. 1.3.1  Solubility  -  Hydrogen  peroxide  is  miscible  with  water,  and  thus, 
reactivity  can  be  quickly  reduced  by  dilution  with  water.  It  is  also  miscible 
with  a  large  number  of  water-soluble  organic  liquids,  such  as  alcohols, 
glyccls,  acetates,  acids,  and  ketones.  It  is  nearly  insoluble  in  petroleum 
ether,  toluene,  styrene,  carbon  tetrachloride,  chloroform,  kerosene,  fuel  oil, 
and  gasoline. 

B19.1.3.2  Stability  -  Pure  hydrogen  peroxide  stored  in  proper  containers 
decomposes  at  a  very  slow  rate.  In  a  113.6  1  (30  gal)  aluminum  shipping  drum 
stored  at  about  294.3  K  (70*F)  less  than  1  percent  of  the  hydrogen  peroxide 
decomposes  in  a  year;  in  large  tanks,  the  loss  is  as  low  as  0.1  percent  per 
year.  If  stored  in  containers  of  unsuitable  material  or  if  contaminated, 
hydrogen  peroxide  can  decompose  very  rapidly,  releasing  large  amounts  of  heat 
and  gas  which  may  rupture  the  container. 

The  decomposition  rate  of  hydrogen  peroxide  increases  with  temperature, 
approximately  doubling  for  each  temperature  rise  of  8.33  K  (15*F).  If  the 
heat  that  is  released  cannot  be  dissipated,  it  may  cause  runaway 
decomposition.  The  effect  of  temperature  on  the  rate  at  which  hydrogen 
peroxide  decomposes  is  shown  in  Table  B19-1. 

When  a  hydrogen  peroxide  solution  is  chilled,  it  is  supercooled  far  below  its 
true  freezing  point.  As  the  solution  freezes,  a  slush  forms.  Final 
solidification  takes  place  at  218  K  (-67*F).  Solutions  of  more  than  65 
percent  hydrogen  peroxide  (H2O2)  contract  on  freezing  and  will  not  burst 
containers. 
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Table  B19-1  Effect  of  Temperature  on  Decomposition  of 
Hydrogen  Feroscide 


TEMPERATURE 

K  (’F) 

APPROXIMATE  DECOMPOSITION  RATE 
(at  1  atic  oressure) 

303  (  85) 

IX  per  year 

339  (150) 

Less  than  IX  per  week 

373  (212) 

Less  than  2X  per  day 

klU  (285) 

Rapid  with  boiling  (resulting 

in  explosion  if  confined) 

B19.1.3.2.1  Chemical  Stabilizers  -  Certain  organic  and  inorganic  compounds, 
when  added  in  small  quantities  to  hydrogen  peroxide,  act  as  stabilisers.  Some 
protection  against  minor  contamination  (of  the  order  of  1  or  2  parts  per 
million  of  contaminant)  can  be  secured  by  the  addition  of  stabilisers,  but  no 
additive  will  entirely  counteract  rapid  decomposition  if  there  is  gross 
contamination.  The  use  of  excessive  quantities  of  stabiliser  should  be 
avoided. 

B19.1.3.2.2  gm#rg*ncv  Stabilisation  >  The  decomposition  of  hydrogen  peroxide, 
at  an  accelerating  rate,  as  evidenced  by  increasing  temperature  and  gas 
evolution,  may  be  brought  under  control  by  the  following  emergency 
stabilisation  procedure:  Add  A53.6  g  (1  lb)  of  85  percent  phosphoric  acid 
solution  (in  water)  for  each  378.5  1  (100  gal)  of  hydrogen  peroxide  solution. 
Mixing  is  not  necessary  because  natural  turbulence  will  disperse  the 
stabilizer. 

If  decomposition  is  controlled  by  phosphoric  acid,  the  stabilised  hydrogen 
peroxide  solution  may  be  stored  in  aluminum  containers  until  consumed  or 
otherwise  disposed  of.  This  solution  nnist  not  be  used  in  applications 
involving  catalytic  decomposition  chambers,  because  the  st«\billzer  will  poison 
the  catalyst. 

B19.1.3.3  Reactivity  -  Hydrogen  peroxide,  a  monpropellant  and  an  active 
oxidizing  agent,  is  an  energy-rich  material  which  can  decompose,  yielding 
water  (steam),  oxygen,  and  heat.  It  does  not  bum  but  vigorously  supports 
combustion  because  of  the  oxygen  it  liberates  upon  decomposition.  Because  of 
its  strong  oxidizing  nature,  it  can  initiate  the  combustion  of  many  organic 
materials  such  as  wood,  cotton,  and  paper.  High  strength  hydrogen  peroxide 
reacts  under  certain  conditions  with  many  organic  compounds  and  may  form 
detonable  mixtures.  It  is  hypergolic  with  many  fuels.  It  decomposes  rapidly 
on  contact  with  many  inorganic  compounds,  such  as  potassium  permanganate  and 
iron  oxide.  When  decomposed  by  catalysts,  it  generates  heat  rapidly.  If 
completely  decomposed,  solutions  stronger  than  67  percent  hydrogen  peroxide  by 
weight  generate  enough  heat  to  raise  the  temperature  of  the  solution  to  its 
boiling  point  and  to  convert  all  the  decomposition  products  into  vapor. 
Stronger  solutions,  therefore,  produce  superheated  vapors  whose  temperature 
depends  upon  the  concentration  of  the  peroxide  and  the  characteristics  of  the 
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confining  equipment.  Hydrogen  peroxide  does  not  concentrate  as  a  result  of 
adiabatic  decomposition.  T.iere  is  a  possibility  that  contaminated  hydrogen 
peroxide  will  explode  under  normal  operating  conditions.  Mixtures  of  hydrogen 
peroxide  and  organic  materials  (sugar,  strach,  alcohols,  petroleum  products) 
in  sufficient  concentration  form  combinations  that  are  sensitive,  and  can 
explode  from  shock  or  application  of  heat.  In  many  cases  such  oxidizable 
materials  show  no  evidence  of  reaction  on  mixing  with  hydrogen  peroxide.  The 
mixture  may  not  appear  dangerous,  but  the  hazard  is  still  present. 

The  contamination  of  hydrogen  peroxide  changes  it  decomposition  rate.  If  it 
is  contaminated  with  small  quantities  of  active  decomposition  promoting 
catalysts  or  with  larger  quantities  of  less  active  catalysts,  runaway 
decomposition  may  follow,  possibly  rupturing  the  container.  Alkaline 
contamination  promotes  active  decomposition.  Most  of  the  heavy  metals  are 
active  decomposition  catalysts.  Decomposition  also  can  be  initiated  by  dirt, 
cigarette  ashes,  rust,  etc. 

B19.1.3.A  Environmental  Fate  -  Hydrogen  peroxide  is  a  strong  oxidizing  agent 
and  will  react  with  many  different  compounds,  including  organics,  nitrogen  and 
sulfur  compotmds  and  metals.  Hydrogen  peroxide  oxidizes  a  number  of 
functional  groups  of  organic  material  in  stirface  waters.  Further  oxidation  of 
short  chain  hydrocarbons  to  carbon  dioxide  and  water  is  possible.  The  major 
transportation  mode  of  hydrogen  peroxide  in  the  environment  would  be  by  water, 
although  in  water,  in  the  presence  of  impurities,  it  quickly  decomposes  into 
non-toxic  residuals. 

B19.2  HAZARDS 


B19.2.1.1  Toxicity  -  Contact  with  hydrogen  peroxide  liquid,  mist,  or  vapor, 
can  cause  irritation,  prolonged  skin  contact  causes  bleaching  and  bums.  The 
eyes  must  be  promptly  flushed  with  water  after  contact  or  severe  delayed 
damage  can  occur.  Inhaling  the  vapor  can  cause  respiratory  tract  irritation. 

B19.2.1.2  Exposure  Limits 

B19.2.1.2.1  Threshold  Limit  Values-Time  Weighted  Average  (TLV-IWAl  (References 
4,  5  and  6)  -  The  TLV-TWA  for  hydrogen  peroxide  is  given  by  the  AC6IH  as  1  ppm 
(1.5  mg/m^)  in  air.  The  Threshold  Limit  Value-Short  Term  Exposure  Limit 
(TLV-STEL)  is  20  ppm  (3  mg/m'^).  The  IDLH  is  75  ppm  (113  mg/m3). 

B19.2.2  Fire  and  Combustion  Product  Hazards 

Hydrogen  peroxide  is  not  flammable  by  itself  but  It  is  a  powerful  oxidizing 
agent.  It  may  react  with  flammable  materials  and  generate  enough  heat  to 
cause  ignition.  It  actively  supports  combustion  resulting  in  a  "flare"  fire 
that  may  terminate  in  an  explosion.  Liquid  spillage  of  hydrogen  peroxide  on 
ordinary  clothing  or  shoes  (particularly  in  the  presence  of  dirt  or  grease) 
can  cause  a  fire. 
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B19.2.3  Exoloaion  Hagar^a 


An  explosion  hasard  exists  whenever  hydrogen  peroxide  is  contaminated, 
especially  when  it  is  tilxed  with  fuels  or  organic  solvents.  Small  amounts  of 
materials  containing  catalysts  (silver,  lead,  copper,  chromium,  mercury,  and 
iron  oxide  rust)  cause  immediate  decomposition.  If  hydrogen  peroxide  is 
stored  in  a  container  made  of  improper  isaterials,  or  if  it  is  accidentally 
contaminated  with  rust  or  another  catalyst,  it  decomposes  rapidly,  releasing 
large  amounts  of  heat  and  gas.  Contaminated  hydrogen  peroxide  can  decompose 
so  rapidly  that  a  vented  container  may  rupture.  This  situation  is  generally 
preceded  by  a  progressive  rise  in  temperature. 

At  atmospheric  pressure,  vapor  concentrations  of  hydrogen  peroxide  above  26 
percent  by  volume  (AO  percent  by  weight)  become  explosive  and  can  be  Ignited 
by  a  spark  in  a  temperature  range  below  the  boiling  point  of  the  liqui<^.  the 
explosive  region  of  the  vapor  occurs  above  a  liquid  concentration  of  7V 
percent  of  greater. 

If  confined,  liquid  hydrogen  peroxide  may  propagate  an  explosion.  Accidental 
mixing  of  liquid  hydrogen  peroxide  and  liquid  fuel  will  result  in  an  explosion 
unless  diluted  with  water  to  less  than  30  to  35  percent  concentration. 

A  large  spill  of  hydrogen  peroxide  would  have  serious  consequences  in  a 
surface  water  environment,  as  large  concentrations  would  tend  to  have 
biocidial  properties.  Small  spills  would  oxidize  organics,  precipitate  metals 
and  so  on.  Generally,  the  hydrogen  peroxide  would  dissipate  in  water  into 
harmless  by-products. 

B19.3  RESERVED 

B19.A  RESERVED 

B19.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 

Hydrogen  peroxide  decomposes  slowly  at  ordinery  temperatures  and  builds  up 
pressure  if  the  container  is  closed.  Ttie  rate  of  decomposition  doubles  for 
each  10  K  (18*F)  rise  in  temperature  and  becomes  self-sustaining  at  AI3.7  K 
(285*F).  Hydrogen  peroxide  in  concentrations  up  to  about  90  percent  does  not 
readily  detonate.  Higher  concentrations  or  elevated  temperatures  nay 
facilitate  detonation  (Reference  7). 

Contact  with  roost  organic  or  readily  oxidizable  materials  and  corobustlbles 
causes  fires  and  explosions.  Contact  with  iron,  copper,  brass,  bronze, 
chromium,  zinc,  lead,  manganese,  silver,  and  other  catalytic  metals  (or  their 
salts)  causes  rapid  decomposition  with  evolution  of  oxygen  gas  and  heat  which 
may  Increase  container  pressure.  It  should  be  noted  that  if  yellow  or  red 
phosphorous  is  incompletely  Innersed  while  undergoing  oxidation  in  hydrogen 
peroxide  solutions,  heating  at  the  air-solution  interface  can  ignite  the 
phosphorous  and  lead  to  a  violent  reaction. 
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Hydrogen  peroxide  must  be  stored  in  drums  or  tanks  which  are  manufactured  from 
properly  selected  materials  and  are  of  approved  design  and  construction. 
Storage,  transfer,  and  test  areas  must  be  kept  neat  and  clean  and  absolutely 
free  from  combustibles.  All  leaks  and  spills  must  be  flushed  away  at  once 
with  large  amounts  of  water.  These  areas  must  be  inspected  frequently;  safety 
regulations  must  be  strictly  enforced. 

B19.5.1  Materials 

In  selecting  materials  for  fabricating  equipment,  the  effect  the  hydrogen 
peroxide  will  have  on  the  material  is  of  much  less  importance  than  the  effect 
of  the  material  on  the  hydrogen  peroxide.  As  a  general  rule,  the  only 
materials  for  construction  or  for  surface  treatments  that  should  be  used  are 
those  which  have  been  found  to  be  compatible.  Emphasis  should  be  placed  on 
compatibility  testing  under  actual  conditions  of  use  and  hydrogen  peroxide 
concentration.  The  following  tables  give  the  relative  compatibility  of 
various  materials  with  90  percent  concentration.  The  tables  are  not  complete, 
but  are  specific  in  order  to  point  out  gross  differences  in  compatibility  due 

to  slight  changes  in  material.  In  the  tables,  materials  for  service  with 

hydrogen  peroxide  are  grouped  in  four  general  classes  according  to  their 
compatibility  and  use,  as  follows: 

a.  Class  1  -  These  materials  show  no  effect  upon  the  hydrogen 
peroxide  and  the  material  itself  is  not  affected. 

Uses  -  Bulk  storage  tanks,  rail  and  truck  tanks,  and  shipping 
drums. 

b.  Class  1  -  Materials  that  have  a  minor  effect,  such  as  increasing 

the  decomposition  rate  of  the  hydrogen  peroxide  or  staining  of  the 
material.  Typical  of  these  materials  are  the  300-6eries  stainless 
steel  alloys.  Contact  time  allowed  for  such  materials  is 

determined  by  material  finish:  the  smoother  the  finish,  the 

better  the  compatibility.  A  contact  exposure  guide  is  4  hours  at 
294.8  K  (160*F)  and  1  week  to  4  weeks  at  294.3-295.4  K  (70-72*F). 
longer  contact  periods  are  allowable  when  specially  stabilized 
hydrogen  peroxide  is  being  used. 

Uses  -  Typical  examples  are  rocket  engine  chambers,  high  pressure 
test  tanks,  high  pressure  feed  lines,  solenoid  valves,  and  other 
components . 

c.  Class  3  -  Materials  that  upon  direct  contact,  initiate  a  strong 
reaction,  or  decomposition  effect  upon  the  hydrogen  peroxide  or 
vice  versa.  Maximum  contact  time  should  be  1  minute  at  344.3  K 
(160*F)  or  1  hour  at  294.3  K  (70”F)  prior  to  immediate  use. 

Uses  -  Rocket  engine  chambers  and  gas  generator  and  thrust  motor 
housings. 

d.  Class  4  -  Materials  such  as  copper,  lead,  400-series  stainless 
steel,  and  other  alloys,  plastics,  and  lubricants  should  never  be 
used  in  hydrogen  peroxide  systems  because  of  the  violence  of  the 
effect  they  produce. 
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B19.5.1.1  UftiuOA  -  Tables  B19-2,  B19-3,  and  B19-4  list  the  relative 
conpatibility  of  pure  netuls  (alloys  with  controlled  impurities),  aluminum 
alloys,  and  stainless  steel  alloys  with  concentrated  hydrogen  peroxide. 


Table  B19-2  Compatibility  of  Pure 
Metals  with  H2O2  (9b  Wt  X) 


MATERIAL 

CLASS 

Aluminum 

1 

Beryllium 

4 

Cadmiisn 

4 

Chromium 

4 

Copper 

4 

Iron 

4 

Lead 

4 

Magnesium 

4 

Mercury 

4 

Molybdenum 

4 

Nickel 

4 

Platinum 

4 

Silver 

4 

Tantalum 

1 

Tin 

2 

Titanium 

4 

Tungsten 

4 

Zinc 

4 

Zirconium 

1 

Table  B19-3  Compatibility  of  Pure 
Aluminum  Alloys  with  H2O2  (90  Wt  X) 


MATERIAL 

CLASS 

1060 

1 

1100 

2 

1260 

1 

2017  chromic  acid  anodized 

4 

2017  sulfuric  acid  anodized 

3 

2024  chronic  acid  anodized 

4 

2024  sulfuric  acid  anodized 

3 

3003 

2 

4043 

2 

5052 

2 

5054 

2 

5056 

2 

5254 

1 

5652 

1 

6061 

2 

6063 

2 

40E 

3 

43 

2 

214B 

2 

218 

4 

355F 

4 

B356 

1 

Table  B19-4  Compatibility  of 
Stainless  Steel  Alloys  with 
H2O2  (90  Wt  X) 


MATERIAL 

CIJiSS 

302 

2 

304 

2 

310 

2 

316 

2 

316  porous 

4 

329 

3 

347 

2 

AM355 

3 

410 

4 

416 

4 

420 

4 

440 

4 

440C 

3 

17-7PH,  37-43RC 

2 

Durimet  20 

3 

B19-6 


B19.5.1.2  Non-Metala  -  Table  B19-5  lists  the  relative  compatibility  of 
selected  plastic  materials  with  concentrated  hydrogen  peroxide. 


Table  B19-5  Compatibility  of 
Plastic  with  H2O2  (90  Wt  X) 


MATERIAL 

GLASS 

Aclar 

1 

Acrylon  rtibber  BA-12 

Blsolin  No.  50 

2 

Buna  N 

4 

Fluoiel  2141 

3 

Fluoros 11 leone  LS-53 

2 

GE  12601 

4 

GE  12650 

2 

Geon  404  (yellow) 

3 

Halgene 

2 

Hypalon  S-2 

4 

Kel-F 

1 

Kel-F800 

1 

Kel-F820 

2 

50X  Kel-F  5500/50X  Kel  F  800 

1 

Koroseal  116 »  or  equivalent 

3 

Koroseal  700,  or  equivalent 

2 

Mylar  A 

1 

Nylon 

4 

Phenol-formaldehyde 

4 

Plexiglas 

4 

Polethylene 

2 

Polystyrene 

2 

Saran 

2 

Silastic  152 

3 

Silastic  9711 

2 

Silicone  407-B-217-1 

3 

Silicone  Y-1749 

2 

Pclytetrafluoroethylene,  TFE 

1 

Tygon  360A 

2 

Vicone 

2 

Vinyl  29139 

2 

Vinylite  VU1940 

3 

Viton  A  (271-7)  (770545) 

2 

Viton  A  (V271-7) 

4 

Viton  B  805 

3 

B19.5.1.3  LuhricantE  -  Table  B19-6  shows  the  relative  compatibility  of 
various  lubricants  with  concentrated  hydrogen  peroxide. 


0- 
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Table  B19-6  Conpatiblllty  of  Lubrlcante 
with  H2O2  (90  Wt  X) 


MATERIAL 

CLASS 

Arochlo  1221 

4 

Bardahl 

4 

Ceres in  Wax 

4 

Fluorolube  FS 

2 

Fluorolube  Heavy  Grease  1021-4 

2 

Halocarbon  Light  Oil  11-14 

2 

Ralocarbon  Medium  Oil  11-21 

2 

Kel-F  Alkane 

2 

Kel-F  Light  Oil  No.  1 

2 

Kel-F  No.  90  Grease 

2 

Mineral  oil 

4 

Lubriseal 

4 

Petrolatum 

4 

Silicone  Oil  DC-7 

4 

Trlbutyl  Phosphate 

4 

BL9.5.1.4  Miecellaneoua  Mater iale  -  Table  B19-7  ahowa  the  conpatiblllty  of 
vaL'loua  ceranic  laaterlala  with  concentrated  hydrogen  peroxide. 


Table  B19-7  Compatibility  of  Hiscellaneoua 
Materlala  with  H2O2  (90  Wt  X) 


MATERIAL 

CLASS 

Al-Sl-Mag  Porcelain 

2 

Aluminum  silicate 

2 

Alundum  La  116 

2 

Boron  Nitride 

4 

Carbaloy 

4 

Ceramic  AB-2 

2 

Ceramic  AL-200 

2 

Graphite 

4 

Karbate 

4 

KT  Silicon  Carbide 

2 

Norblde 

2 

Pyroceram 

1 

Synthetic  sapphire  (polished) 

1 

Zirconium  silicate 

2 

B19.S.2  Equipment 


B19.5.2.1  Containers  -  Local  requirements  shall  determine  the 
number  of  storage  containers. 


siee  and 
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The  horlBont«l-type  atmospheric-pressure  tanks  for  hydrogen  peroxide  storage 
are  normally  usedi  but  other  well  designed  and  well  built  types  of  tanks  are 
also  suitable  (Reference  13).  Care  should  be  taken  during  fabrication  to 
prevent  occulsions  of  iron  and  other  impurities  which  may  cause  catalytic 
decomposition  of  the  stored  hydrogen  peroxide. 

B19.5.2.2  PuPDB  and  Hoses  -  Pumps  manufactured  from  wrought  or  forged 
SOO-series  stainless  steel  (304,  316,  321.  and  347),  or  aluminum  alloys  B356, 
356,  or  43  should  be  used  for  pumping  hydrogen  peroxide.  Cast  stainless  steel 
should  be  avoided  because  it  is  subject  to  chromium  leaching,  which  seriously 
contaminates  the  propellant  and  hastens  decomposition.  Self-priming  pumps 
should  be  used  for  transferring  hydrogen  peroxide  from  tank  cars  or  other 
tanks  with  top  outlets.  Stainless  steel  mechanical  seals  with  glass-filled 
PTFE  plastic  and  ceramic  faces  are  recomsMnded.  Where  used,  packing  should  b4< 
lubricated  with  a  fluorlnated  hydrocarbon.  Pump  packing  should  contain  no 
unsuitable  materials.  (See  Tables  B19-3  through  B19-5  for  compatible 
materials. ) 

Hoses,  if  used,  should  be  constructed  of  approved  Class  1  or  2  materials 
listed  in  Section  B19.5.1. 

B19.5.2.3  Lights  -  Temporary  portable  extension  cords  with  lights,  used  In 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
Bureau  of  Hines. 

Flash  lights  or  storage  battery  lamps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  Bureau  of  Mines,  or  as  accepted  by  the  current 
edition  of  the  National  Electrical  Code  (Reference  14). 

B19.S.2.4  Pipes  and  Fittings  -  The  most  compatible  piping  in  hydrogen 
peroxide  service  is  1060  aluminum,  and  this  is  recosuiended ,  particularly  if 
the  liquid  reisains  in  static  contact  with  it.  Where  greater  strength  is 
required,  other  than  Class  1  or  Class  2,  aluminums  may  be  used  if  the 
classification  permits.  Piping  of  300-serles  stainless  steel  isay  also  be  used 
in  certain  applications.  Tubing  and  fittings  of  300-serie8  stainless  steel 
are  used  almost  exclusively  for  test  systems.  Welded  and  flanged  construction 
is  recoomwnded.  Threaded  fittings  and  connections  should  be  avoided,  but  if 
they  must  be  used,  the  male  threads  should  be  wrapped  with 
polytetraf luoroethylene  tape  except  for  the  first  three  threads.  Hydrogen 
peroxide  piping  should  be  clearly  Identified  and  tested  at  one  and  one  half 
times  working  pressure  (References  13  and  15). 

B19.5.2.5  Gaskets  -  Gaskets  may  be  made  of  any  of  the  following  materials: 
silici'v.  rubbers  such  as  DC  9711,  polytetraf  luoroethylene  (PTFE), 
polytrif luorochloroethylene,  and  a  combination  of  stainless  steel  euid 
polytetraf luoroethylene  plastic  (Flexitallic)  the  last  generally  being  used  in 
pressure  systems.  Whenever  possible,  contact  between  dissimilar  metals  should 
be  avoided  to  prevent  electrolytic  action. 

B19.5.2.6  Pressure  Gauges  -  Gauges  should  be  approved  oxygen-clean  types 
with  a  stainless  steel  bourdon  tube.  A  "gas-leg"  or  a  diaphragm  protector  is 
recommended  to  prevent  direct  exposure  of  gauges  to  propellant  grade  hydrogen 
peroxide.  In  order  to  minimize  operator  reading  errors,  all  pressure  gauges 
used  for  a  common  purpose  should  have  identical  scales.  Blowout  protected 
gauges  should  be  specified. 
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B19*S.2.7  Valv  -  Valves  should  be  designed  so  that  hydrogen  peroxide  is 
not  trapped  in  any  part  of  the  valve.  Self-venting  ball  valves  are 
recosMended.  Gate  end  plug  valves  may  be  uaed  bvt  must  be  sHidified  to  iniiure 
venting.  Globe  valves  are  approved  for  uce  with  hydrogen  peroxide »  a«  well  as 
Y-type  valves.  A  BTFE  plastic  must  be  uaed  to  prevent  metal-to-metal  ccntact 
of  plug  and  seat.  Materials  approved  for  gaskets  may  be  vi'sed  as  a  valve 
packing . 


B19.5.2.8  Vantina  Systems  and  Pressure  Relief  -  Safety-relief  devices  for 
tanks  are  discussed  in  Section  B19.6«  CPIA  394.  All  storage  tanks  must  be 
vented  and  the  vent  should  be  located  so  as  to  adequately  protect  personnel 
and  equipment.  A  vent  filter  is  required  to  prevent  dirt  from  entering  the 
tank. 

B19.5.2.9  Grounding  -  All  tanks  should  be  properly  grounded. 
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PROPERTY 

ENGLISH  UNITS 

SI  UNITS 

Boiling  Point 

302.4®F 

423.4  K 

Freezing  Point 

31.2®F 

272.7  K 

Density  (Gss) 

(Liquid) 

12.1  Ib/gal 
at  68®F 

1.448  Mg/m* 
at  203  K 

SpeciRc  Orivity  -  Vapor 
(relative  to  STP  air) 

Critical  Density 

Critical  Pressure 

3130  psia 

21.58  MPa 

Critical  Temperature 

865’F 

730.4  K 

Vapor  Pressure 

■ 

0.03  psia 
at  68®F 

0.207  UPa 
at  203  K 

0.10  psia 
at  !04®F 

0.60  kPa 
at  313  K 

G.33  psia 
at  U0®F 

2.28  kPa 
at  333  K 

0.03  psia 
at  176®F 

6.41  kPa 
at  353  K 

Coefficient  of  Kinematic 

Viscosity 

0.863  centistokes 
at  68®  F 

8.63  *  10-^  m*/s 
at  203  K 

Absolute 

1.25  centipoiscs 
at  68® F 

1.25  X  10-®  Pa  s 
at  2')3  K 

Explosive  Range 

2S%-  100%by  volume  in  air 

Autoignition  Temperature 

Flash  Point 

Flammability  Limit  Lower; 

Upper: 

26  volume  %hydrogen  peroxide  in  air 

100  volume  %hydrogen  peroxide  in  air 

Figure  B19-3  Physical  Properties  of  Hydrogen  Peroxide  98‘t  Wt  Type  II 
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CHAPTER  620 
NITROGEN 


620.1  PROPERTIES 

620.1.1  Identification 

Liquid  and  gaseous  nitrogen  (N2)  are  used  in  their  elemental  forms. 

Nitrogen  has  a  minimum  purity  of  99.5  percent,  oxygen  being  the  major 
Impurity.  The  applicable  specifications  are  in  the  MIL-F-27A01B  and 
MIL-V-2/116  (References  1  and  2).  The  molecular  weight  of  nitrogen  is  28.01A 
g  mol. 

620.1.2  General  Appearance  and  Common  Uses 

High  purity  liquid  nitrogen  is  a  colorless  transparent  liquid,  slightly 
lighter  than  water.  Because  of  its  low  boiling  point,  it  is  usually  boiling 
vigorously.  Uninsulated  containers  are  generally  frosted  on  the  outside. 
Gaseous  nitrogen  is  colorless,  odorless  and  tasteless.  Gaseous  nitrogen  is 
used  as  an  inert  atmosphere  in  various  process  controls.  Liquid  nitrogen  is 
used  as  an  inert  cooling  agent. 

620.1.2  Physical  and  Chemical  Properties 

Refer  to  Figure  620-1  for  the  physical  properties  of  liquid  and  gaseous 
nitrogen. 


620.1.3.1  Solubility  -  Most  common  solyents  are  solid  at  liquid  nitrogen 
temperatures.  Liquid  nitrogen  is  miscible  with  liquid  oxygen  and  liqu.'d 
fluorine  at  all  temperatures.  Gaseous  nitrogen  is  only  slightly  soluble  in 
water. 

B20.1.3.2  SlabLlUlX  -  Liquid  and  gaseous  nitrogen  are  stable  to  shock,  heat 
and  electrical  spark.  At  ordinary  temperatures  in  properly  designed 
containers,  the  evaporation  rate  of  liquid  nitrogen  is  approximately  as 
follows : 


Tank  Volume 
(Gallons ) 


Loss  in  2A  Hours 
(Percentage) 


50  (0.189  m3)  3.0 

150  (0.568  m3)  2.1 

500  (1.89  m3)  1.0 

2000  (7.57  m3)  0.5 


B20.1.3.3  Reactivity  -  Nitrogen  in  either  gaseous  or  liquid  form  is  inert. 
It  is  noncorrosive  and  will  undergo  chemical  reactions  only  at  very  high 
temperatures.  It  is  nonflammable  and  does  not  prevent  a  fire  hazard. 


B20.1.3.4  Environmental  Fate  -  Nitrogen  becomes  part  of  the  atmosphere. 
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B20.2  HAZARDS 


B20.2.1  Health  Hazarda 

B20.2.1.1  Toxicity  -  Nitrogen  is  nontoxic  at  atmospheric  pressure.  Under 
increased  pressure  it  has  been  reported  to  cause  "nitrogen  narcosis"  and  to  be 
involved  in  the  formation  of  gas  bubbles  causing  "bends"  when  decompression  is 
inadequate. 

Nitrogen  leaks  in  confined  areas  pose  a  threat  to  personnel  because  it  is  an 
odorless,  tasteless,  asphyxiant.  The  victim  is  not  aware  that  his  oxygen 
supply  is  insufficient  to  sustain  life.  Entry  into  a  suspected  enriched 
nitrogen  atmosphere  is  not  permitted  without  positive  pressure  self-contained 
breathing  apparatus  until  an  oxygen  analysis  shows  at  least  16-17  percent  by 
volume  oxygen. 

Frostbite  can  result  from  liquid  nitrogen  contacts  with  the  skin. 

B20.2.1.2  Exposure  Limits 

B20.2.1.2.1  Threshold  Limit  Values-Time  Weighted  Average  (TLV-TWA)  -  None 
established.  With  respect  to  oxygen  displacement,  (Oxygen  at  16-17  percent  by 
volume  at  760  mm  Hg.  total  pressure  is  the  generally  accepted  minimum  for  a 
work  environment). 

B20.2.1.3  Special  Medical  Informatinn  -  For  first  aid  information,  see  CPIA 
394,  Appendix  E20. 

B20.2.2  Fire  and  Combustion  Product  Hazards 

Gaseous  and  (pure)  liquid  nitrogen  present  no  fire  hazard.  However,  it  is 
critical  to  avoid  contamination  with  combustible  materials  or  oxidizers  If  the 
nitrogen  is  to  be  used  for  pressurizing  propellant  systesis.  In  eaMtrgency 
situations,  liquid  nitrogen  oiay  be  used  as  a  fire-extinguishing  scent,  since 
it  acts  to  exclude  air  or  oxygen  by  forming  an  inert  gas  blanket. 

B20.2.3  Explosion  Hazards 

Gaseous  nitrogen  will  not  explode  and  may  even  be  used  to  dilute  an  explosive 
atmosphere  to  below  the  lower  explosive  limit.  If  exposed  to  external 
heating,  cylinders  containing  gaseous  nitrogen  may  pressure  rupture. 

Therefore,  DOT  specification  cylinders  are  fitted  with  safety  devices. 

Pure  liquid  nitrogen  presents  no  explosion  hazard.  Undetected  contamination 
with  combustibles  or  oxygen  could  result  in  a  serious  explosion  if  the 
nitrogen  is  introduced  into  a  closed  system  containing  substances  with  which 
the  contaminants  react.  In  transfer  operations,  liquid  nitrogen  should  not  be 
exposed  to  air,  because  oxygen  from  the  atmosphere  will  condense  in  the  liquid 
nitrogen. 

Pressure  rupture  may  occur  when  liquid  nitrogen  is  trapped  in  a  closed  system 
and  refrigeration  is  not  maintained.  Nitrogen  cannot  be  kept  as  a  liquid  if 
its  temperature  rises  above  126.2  K  (-232. 6*F),  regardless  of  confining 
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pressure.  Liquid  nitrogen  trapped  between  valves  can  cause  the  pipe  or  tube 
to  rupture  violently.  Loss  if  refrigeration  can  cause  a  storage  tank  to 
rupture  if  the  pressure  is  not  relieved  by  suitable  devices. 

None. 

B20.3  RESERVED 
B20.4  RESERVED 

B20.S  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 

When  handling  or  storing  liquid  nitrogen,  two  important  factors  must  be  taken 
into  accotint:  (a)  Liquid  nitrogen  is  extremely  cold,  and  (b)  it  is  an 
asphyxiant.  It  must,  therefore,  be  stored  in  fixr^ii  or  mobile  containers  of 
approved  design,  materials  and  construction  and  suitably  housed. 

The  installation  requirements  for  pressurized-gas  systems  are  very  stringent. 
Particularly  important  are  the  selection  of  materials  and  equipment,  the  use 
of  adequate  fabrication  procedurals  and  proper  maintenance.  Personnel  assigned 
to  operate  these  systems  must  be  qualified  and  familiar  with  the  equipment  and 
proper  operating  procedures. 

B20.5.1  Materials 

When  subjected  to  the  temperature  extremes  of  liquid  nitrogen  service,  many 
materials  undergo  a  marked  physical  change.  The  extent  of  the  change  for  a 
given  material  should  be  known  before  it  is  specified  for  low  temperature 
use.  Metals  used  with  nitrogen  should  be  able  to  withstand  impact  shock  at 
low  temperatures,  as  well  as  the  stresses  produced  by  the  extremely  low 
temperature  of  liquid  nitrogen.  Their  selection  will  be  based  primarily  on 
the  intended  uses,  since  neither  corrosivity  nor  reactivity  are  factors  for 
consideration. 


The  prime  consideration  in  selecting  materials  to  be  used  with  high-pressure 
gases  is  their  strength.  Reactivity  or  corrosivity  are  not  problems  with 
propellant  grades  of  nitrogen,  but  are  considerations  in  the  maintenance  of 
purity  and  cleanliness  for  the  end  use  of  the  nitrogen. 


B20.5.1.1  Metals  -  Ordinary  carbon  steels  and  most  ferritic  and  martensitic 
alloy  steels  are  unsuitable  for  liquid  nitrogen  service  because  they  lack 
ductility  at  low  temperatures  below  2A4  K  (-20*F).  The  following  metals  are 
satisfactory  for  this  service: 


Austenitic  chrome- 
nickel  steels 
stainless  steel,  18-8 
series 
copper 
brass 
bronze 


nickel  steel  (9%) 

copper-silicon  alloys 

Monel 

aluminum 

shredded  leai' 

titanium 
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These  metals  and  carbon  steels  may  be  used  vith  gaseous  nitrogen  near  ambient 
temperatures > 

B20.5.1.2  Non-Metals  -  Non-metal  materials  for  liquid  nitrogen  service  must 
also  be  selected  to  withstand  low  temperatures.  The  following  nonmetals  are 
a  tltable  for  this  service  and  may  be  used  singly  or  in  any  combination: 

a.  Tetraf luoroethylene  (TFE  Teflon,  TFE  Halon,  or  equivalent) 

b.  Polychlorotrif luoroethylene  (Kel-F,  Balon  CTF,  or  equivalent) 

c.  Selected  types  of  graphite 

The  following  non-fsetals  are  suitable  for  use  with  gaseous  nitrogen: 

synthetic  and  natural  rubbers 

Teflon 

Kel-F 

DC-55 

Fluorolube  (LG-160) 

B20.5.1.3  Liibrlcanta  -  Materials  used  in  handling  nitrogen  must  be  free  of 
grease,  oil  and  other  combustible  materials.  Use  special  lid>rlcants,  such  as 
the  fluorolubes  or  perf luorocarbons,  unless  altuainum  is  present. 

B20.5.2  Equipment 

B20.5.2.1  Containers  -  Liquid  nitrogen  may  be  stored  in  stationary  or  mobile 
tanks  of  approved  materials  and  construction.  Gaseous  nitrogen  may  be  stored 
and  shipped  in  cylinders  conforming  to  DOT  specifications.  Storage  tanka  and 
cylinders  should  be  tested  as  required  by  applicable  provisions  of  the  ASME 
Unflred  Pressure  Vessel  Code  (Reference  3)  or  DOT  specification  to  ensure 
against  defects  in  material  or  fabrication.  Materials  used  for  pressure 
vessels  used  at  temperatures  lower  than  244  K  (-20*F)  should  be  impact- tested 
in  accordance  with  Paragraph  UG-84,  Section  VIII,  of  Reference  3. 

Containers  for  shipping,  storing  and  transferring  liquid  nitrogen  may  be 
fabricated  in  accordance  with  any  standard  which  meets  the  structural 
requirements  for  that  container.  Vacuum- insulated  tanks  should  be  used  for 
storage.  The  Insulated  area  between  the  inner  and  outer  shells  should  be 
maintained  under  vacuum  and  should  have  a  pressure-relief  device  or  a  rupture 
disc.  The  storage  tank  itself  should  be  of  welded  construction.  It  should  be 
equipped  with  a  rupture  disc  and  a  pressure-relief  valve  that  has  an  adequate 
vent  line.  The  vents  should  discharge  to  the  atmosphere.  Bottom  outlets  are 
recommended  for  storage  tanks,  as  they  materially  simplify  the  transfer-system 
design  and  the  selection  of  pumping  equipment. 

Storage  containers  for  nitrogen  gas  should  comply  with  one  of  the  following; 

a.  Designed,  constructed,  and  tested  in  accordance  with  appropriate 
requirements  of  the  ASME  Boiler  and  Pressure  Vessel  Code,  Section 
VIII,  Unfired  Pressure  Vessels  (Reference  3). 

b.  Designed,  constructed,  tested,  and  maintained  in  accordance  with 
DOT  regulations  and  specifications. 
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B2U.5.2.2  Pumps  and  Hose  -  Pumps  for  high-pressure  gaseous  nitrogen  service 
should  be  designed,  fabricated,  and  installed  in  accordance  with  the  pertinent 
standards  and  codes. 

Since  the  liquid  nitrogen  storage  tanks  may  be  designed  with  bottom  outlets, 
reciprocating-type  or  f looded-sucticn  centrifugal  pumps  may  be  used  when 
gravity-flow  or  pressure  transfer  is  not  applicable.  A  graphite-braided 
Teflon  packing  is  recommended  as  a  pump-shaft  seal. 

For  gaseous  nitrogen,  flexible  hose  should  conform  to  military  or  industrial 
specifications.  Unless  otherwise  specified  Ir  the  governing  code,  a  minimum 
safety  factor  of  4  to  burst  is  required.  Flexible  hose  should  only  be 
employed  when  the  use  of  rigid  tubing  is  impractical.  The  hose  should  be  of 
minimum  length.  When  long  runs  are  unavoidable,  hose  reels  and  other 
protective  devices,  including  hold-down  weights  and  chain  ties  at  end 
connections  should  be  incorporated. 

Hoses  for  liquid  nitrogen  use  should  be  of  proper  design,  engineered 
specifically  for  this  service. 

B20.S.2.3  Lights  -  Any  lighting  which  meets  local  electrical  codes  will  be 
adequate  in  areas  where  nitrogen  is  stored  or  transferred  (Reference  4). 

B20.5.2.4  Pipes  and  Fittings  -  Tiie  pipes  and  fittings  should  be  of  approved 
materials  and  construction  and  should  be  hydrostatically  tested  at  specified 
pressures.  The  use  of  welded  aud  flanged  connections  is  recommended  whenever 
possible.  Threaded  connections  are  permissible  when  other  taethods  are  not 
feasible.  TFE  tape  thread  sealant  is  recommendod. 

Tubing  may  also  be  used  for  high-pressure  gaseous  nitrogen  service.  Tubing 
connections  will  be  made  with  standard  AN  or  industrial  flared  fittings  of 
like  materials.  Stainless  steel  fittings  should  be  used  with  stainless  steel 
tubing  to  prevent  galvanic  actinn  of  dissimilar  metals.  The  fabrication  of 
pipe  or  tube  anchors,  hangers,  supports  and  tie-downs  should  be  in  accordance 
with  the  American  Society  of  Mechanical  Engineers  requirements  for  pressure 
piping.  The  fabrication  techniques  and  selection  of  materials  for  the 
installation  and  testing  of  piping  systems  shall  be  in  accordance  with  the 
ASME  codes.  All  high-pressure  systems  should  be  properly  marked  and 
identified. 

B20.5.2.5  Gaskets  -  Gaskets  may  be  made  of  the  materials  listed  in  Section 
B20.5.1.  In  high-pressure  systems,  "0"  rings  may  also  be  used.  Gaskets  may 
be  flanged,  serrated,  laminated,  corrugated  or  ring- joint  types. 

B20.5.2.6  Pressure  Gauges  -  Liquid  nitrogen  equipment  should  be  monitored 
with  pressure  gauges  of  approved  type  as  required.  Standard-type  pressure 
gauges  Incorporating  compatible  materials  will  be  used  in  gaseous  nitrogen 
systems.  In  addition,  gauges  used  in  gaseous  nitrogen  systems  should  have 
plastic  faces  and  blow-out  discs.  In  order  to  minimize  operator  reading 
errors,  all  pressure  gauges  used  for  a  common  purpose  should  have  identical 
scales . 
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B20.5.2.7  Valvea  -  Extended  stem  gate,  globe  and  ball  valves  are 
satisfactory  for  liquid  nitrogen  service.  All  valve  packing  and  gaskets 
should  be  of  approved  materials. 

For  gaseous  nitrogen  all  gate  and  globe  valves  6.35  cm  (2.5  in)  in  size  and 
larger  should  be  made  out  of  the  outalde-acrew,  rising-stem  type,  whenever 
this  is  practicable,  valves  under  6.35  cm  (2.5  in)  siay  be  of  the  inside-screw, 
rising-stem  type.  Plug  and  valves  may  be  used  instead  of  gate  or  globe 
types.  Plug  valves  for  high-temperature  service  should  be  designed  to  prevent 
galling  by  making  the  plug  and  the  valve  body  of  different  materials,  by 
treating  the  plug  to  give  it  different  physical  properties,  by  welding 
hardface  overlays  to  the  surface,  or  by  using  special  mechanical  designs. 

Every  valve  should  be  plainly  marked  to  identify  the  gas  and  valve  function. 

B20.5.2.8  Venting  Systems  and  Pressure  Relief  -  When  the  maximum  allowable 
inlet  pressure  to  one  or  more  of  the  pressure-reducing  devices  is  greater  than 
the  piping  systems  maximum  allowable  operating  pressure,  one  or  more 
pressure-relief  or  other  safety  devices  should  bo  included,  e.g.,  automatic 
shut-off  valves.  Suitable  protective  measures  should  be  taken  to  prevent 
Injury  or  damage  resulting  from  the  discharge  of  gases  from  those  safety 
devices. 

The  relief  valves  should  have  a  combined  discharge  capacity  ensuring  that  the 
pressure  rating  of  the  lower  pressure  piping  system  will  not  be  exceeded  as 
the  result  of  an  equipment  failure,  for  instance,  the  pressure-reducing 
valves.  Pressure-reducing  and  relief  devices  should  conform  to  the  valve 
requirements  for  the  specified  service  conditions. 

All  lines  and  vessels  in  which  liquid  nitrogen  may  be  trapped  between  closed 
valves  should  be  equipped  with  pressure  relief  valves.  Associated  vessels  and 
lines  must  also  be  equipped  with  rupture  discs  in  parallel  with  the  relief 
valve. 
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PROPERTY 

ENGLISH  UNITS 

SI  UNITS 

Boiling  Point 

■320.4«F 

77.37  K 

FVeeiing  Point 

-«46®F 

03.15  K 

Density  (Om) 

0.0712  Ib/H* 

»t70*F 

1.14  kg/m* 
at  204.15  K 

(1  ktm)  (Liquid) 

50.40  Ib/h* 
at  -320^ 

0.808  Mg/m* 
at  77.35  K 

Specific  Gravity  •  Vepor 
(relktive  to  STP  »ir) 

0.flS7 

0.087 

Criticnl  Density 

2.02  Ib/gal 

0.313  Mg/m* 

Critics!  Pressure 

403  psia 

3.40  MPa 

Critical  Temperature 

•232.S*F 

126.2  K 

Vapor  Pressure 

20  psia 
at  -310®F 

138  kPa 
at  70  .8  K 

52  psia 
at  -208*F 

358  kPa 
at  80.8  K 

113  psia 
at  .280®F 

770  kPa 
at  00.8  K 

214  psi.a 
at .202* F 

1.48  NfPa 
at  100.8  K 

Coefficienl  of  Kinematic  (liquid) 

Viscosity 

2  centislokes 
at  14.7  psia 

2  X  10-*  mVs 
at  101  kPa 

Absolute  (gas) 

0.01778  centipoises 
at  14.7  psia 

1.778  X  10-»  Pa  s 
at  101  kPa 

0.01800  centipoises 
at  204  psia 

1.800  X  IO-‘  Pa  s 
at  2.027  MPa 

0.01916  centipoises 
at  1020  psia 

1.016  X  I0-'  Pa  s 
at  7.005  MPa 

Autoignition  Temperature 

Non  flammable 

Flash  Point 

Non  flammable 

Flammability 

Non  flammable 

Figure  B20-1  Physical  Properties  of  Nitrogen  (MW  »  28.014) 


CHAPTER  B21 
NOBLE  GASES  (HELIUM) 


B21.1  PROPERTIES 
B21.1.1  Identification 


The  noble  gases  are  comprised  of  the  following  elemental  gases:  helium,  neon, 
argon,  krypton  and  xenon.  These  elemental  gases  are  positioned  to  the  far 
right  on  the  periodic  table  (References  1  through  9). 

Argon,  helium  and  liquid  neon  are  covered  by  the  following  military 
specifications: 

Argon  -  MIL-P-27A15 
Helium  -  MIL-P-27A07 
Liquid  Neon  -  MlL-P-87932 

B21.1.2  General  Appearance  and  Common  Uses 

Helium,  neon,  argon,  krypton  and  xenon  are  all  colorless  gases  which  are  (with 
the  exception  of  xenon)  inert.  These  elemental  gases  are  used  most  commonly 
as  pressurising  agents. 


B21.1.3 


Refer  to  Figure  B21-1  for  the  physical  properties  of  helium. 

B21. 1.3.1  Solubility  Helium,  neon,  argon,  krypton  and  xenon  are  slightly 
soluble  in  water.  Neon  is  also  soluble  in  liquid  oxygen.  Helium  is  absorbed 
by  platinum. 


B21.1.3.2  Stability  -  The  elemental  gases  (helium,  neon,  argon,  krypton  and 
xenon)  are  inert  and  chemically  stable. 

B21.1.3.3  Raactivity  -  The  noble  gases  (helium,  neon,  argon,  krypton  and 
xenon)  are  inert,  non-f laamable  and  will  not  support  combustion.  Helium, 
neon,  argon  and  krypton  will  not  combine  with  other  materials.  However,  it  is 
reported  that  ::enon  does  form  compouiids  such  as  xenon  hydrate,  sodium 
perxenate  and  xenon  diflouride. 

B2I.1.3.4  Environmental  Fate  -  The  noble  gases  are  dissipated  into  the 
atmosphere. 

B21.2.1  Health  Hasards 

B21.2.1.1  Toxicity  -  Noble  gases  are  nontoxic  but  may  cause  oxygen  deficient 
atmospheres,  i.e.,  simple  asphyxiants  (Reference  10). 

B21.2.1.2  IhreahQlj^lJjBit-JLalufia.TXiffla_MsiglUgd-AveraEC  (TLV-TVAi  -  None 
established.  (Regarding  displacement  of  oxygen,  oxygen  at  16-17  percent  by 
volume  at  101  kPa  (760  mm  Hg)  total  pressure  is  the  generally  accepted  minimum 
for  a  work  environment.) 
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B21.2.1.3  Special  Madical  Information  ~  For  first  aid  Information,  see  CPIA 
39A,  Appendix  E21. 

B21.2.2  Fire  and  Coadiustion  Product  Haaarda 

The  noble  gases  are  inert.  They  are  nonf lannable. 

BZl.2.3  F-xplnnlon  Hazards 

Noble  gases  will  not  explode  and  may  even  be  used  to  dilute  an  explosive 
atmosphere.  If  exposed  to  external  heating*  cylinders  containing  noble  gases 
may  pressure  rupture. 

BZl.2.4  Environmental  Effects 

The  noble  gases  are  inert.  Therefore,  there  are  no  environmental  effects  to 
be  considered. 

B21.3  RESERVED 

B21.A  RESERVED 

B21.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 

The  installation  requirements  for  pressuriaed-gas  sys^  -ms  are  very  stringent. 
Particularly  important  are  the  selection  of  materials  cuid  equipment,  the  use 
of  adequate  fabrication  procedures  and  proper  maintenance.  Personnel  assigned 
to  operate  these  systems  must  be  qualified  and  familiar  with  the  equipment  and 
proper  operating  procedures. 

B21.5.1  Materials 

The  prlfflo  consideration  in  selecting  materials  to  be  used  with  high-pressure 
gases  is  their  strength.  Reactivity  or  corrosivity  should  not  be  problems 
with  propellant  grades  of  noble  gases,  but  are  a  consideration  in  the 
maintenance  of  purity  and  cleanliness  with  regard  to  the  end  use. 

B21.5.1.1  Metals  -  The  following  metals  ore  suitable  for  use  with  noble 
gases : 


Austenitic  chrome-nickel  steels 

stainless  steel,  series  18-8 

copper 

brass 

bronze 

copper  silicon  alloys 

Monel 

aluminum 

shredded  lead 

carbon  steel 
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B21.5.1.2  Non-Metals  -  The  following  non-metals  are  suitable  for  use  with 
noble  gases: 

synthetic  and  natural  rubbers 

Teflon 

Kel-F 

DC-55 

Fluorolube  (LG-160) 

B21.5.1.3  Lubricants  -  Because  noble  gases  are  often  used  to  pressurize 
oxidizer  systems,  the  use  of  petroleum-base  lubricants  with  this  gas  Is 
prohibited.  Lubricants  such  as  the  fluorolubes  or  the  perf luorocarbons  are 
reconnended .  The  fluorolubes  should  not  be  used  with  aluminum. 

B21.5.2  Equiement 

B21.5.2.1  Containers  -  Storage  containers  should  comply  with  one  of  the 
following: 

a.  designed,  constructed,  and  tested  in  accordance  with  appropriate 
requirements  of  the  ASMS  Boiler  and  Pressure  Vessel  Code,  Section 
VIII,  Unflred  Pressure  Vessels  (Reference  11) 

b.  designed,  constructed,  tested,  and  maintained  in  accordance  with 
DOT  regulations  and  specifications 

B21.5.2.2  Pumps  and  Hoses  -  Flexible  hose  generally  conforms  to  military  or 
industrial  specifications.  Unless  otherwise  specified  in  the  governing  code, 
a  minimum  safety  factor  of  4  to  burst  is  required  Flexible  hose  should  only 
be  employed  when  the  use  of  rigid  tubing  is  impractical.  The  hose  should  be 
of  minimum  length.  When  long  runs  are  unavoidable,  hose  reels  and  other 
protective  devices,  including  hold-down  weights  and  chain  tier  at  end 
connections,  should  be  Incorporated. 

Pumps  for  high-pressure  service  should  be  designed,  fabricated  and  installed 
in  accordance  with  pertinent  standards  and  codes. 

B21.5.2.3  Lights  -  Any  lighting  which  meets  local  electrical  codes  will  be 
adequate  in  areas  where  noble  gases  are  stored  or  transferred  (Reference  12). 

B21.5.2.A  Pipes  and  Fittings  -  Either  pipe  or  tubing  may  be  used  for 
high-pressure  service.  Connections  for  tubing  may  be  flange,  thread,  socket 
weld  or  butt  weld.  Tubing  connections  will  be  made  with  standard  AN  or 
industrial  flared  fittings  of  like  materials.  Stainless  steel  fittings  should 
be  used  with  stainless  steel  tubing  to  prevent  galvanic  action  of  dissimilar 
metals.  Welded  or  brazed  joints  are  preferred,  since  with  flanged  or  threaded 
joints  there  is  greater  possibility  of  leakage.  The  fabrication  of  pipe  or 
tube  anchors,  hangers,  supports  and  tie-downs  should  be  in  accordance  with  the 
American  Society  of  Mechanical  Engineers  requirements  for  pressure  piping 
(Reference  13). 

The  fabrication  techniques  and  selection  of  materials  for  the  installation  and 
testing  of  piping  systems  should  be  in  accordance  with  the  ASME  codes. 
High-pressure  systems  should  be  properly  marked  and  identified. 
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B21.5.2.5  GaaketB  -  In  high-pressure  systems,  "0"  rings  nay  be  used. 

Gaskets  may  be  flange,  serrated,  laminated,  corrugated,  or  ring-joint  types. 
The  Biaterials  listed  in  Sections  B21.5.1.1  and  B21.5.1.2  may  be  used  in  the 
fabrication  of  gaskets  and  seals. 

B21.5.2.6  Pressure  Gauges  -  Standard-type  pressure  gauges  incorporating 
compatible  materials  will  be  used  in  gaseous  helium  systems.  In  order  to 
minimize  operator  reading  errors,  all  pressure  gauges  used  for  a  common 
purpose  should  have  Identical  scales.  In  addition,  all  gauges  should  have 
plastic  faces  and  blow-out  discs. 

B21.5.2.7  Valves  -  Wherever  practicable,  all  gate  and  globe  valves  should  be 
of  the  outside-screw,  rising-stem  type.  See  Reference  19. 

Plug  and  valves  may  be  used  Instead  of  gate  or  globe  types.  Plug  valvea  for 
high-temperature  service  should  be  designed  to  prevent  galling  by  making  the 
plug  and  the  valve  body  of  different  materials,  by  treating  the  plug  to  give 
it  different  physical  properties,  by  welding  hard-face  overlays  to  the 
surface,  or  by  using  special  mechanical  designs.  Every  valve  should  be 
plainly  marked  to  iaentify  the  gas  and  valve  function. 

B21.5.2.8  Venting  Systensh.  and  Pressure  Relier  -  When  the  maximum  allowable 
inlet  pressure  to  one  or  more  of  the  pressure-reducing  devices  is  greater  than 
the  piping  system's  maximum  allowable  operating  pressure,  one  or  more 
pressure-relief  or  other  safety  devices  should  be  Included,  e.g.,  automatic 
shut-off  valves.  Suitable  protective  measures  should  be  taken  to  prevent 
injury  or  damage  resulting  from  the  discharge  of  gases  from  those  safety 
devices . 

The  relief  valves  should  have  a  combined  discharge  capacity  ensuring  that  the 
pressure  rating  of  the  lower  pressure  piping  system  will  not  be  exceeded  as 
the  result  of  an  equipment  failure,  for  instance,  the  pressure-reducing 
valves.  The  relief  or  safety  valve  should  be  located  next  to  the 
pressure-reducing  valve.  Pressure-reducing  and  relief  devices  should  conform 
to  the  valve  requirements  for  the  specified  service  conditions. 
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PROPERTY 

ENGLISH  UNITS 

SI  UNITS 

BoilinK  Point 

_ 1 

•4S2«F 

4.224  K 

Freeting  Pbini  He  freeies  »t  |  .0  pressure  snd  Km  no  triple  point. 

Density  (Gu) 

0.078  Ib/H* 

St  -462<>P 

18.80  kg/iT.* 

St  4.224  K 

(1  stm] 

0.011  Ib/H* 
st32“F 

0.178  kj/m* 

St  273.15  K  snd  101  kPs 

(Liquid) 

7.708  Ib/h* 

St  -452*F 

0.125  Mg/m* 

St  4.224  K 

Specifle  Grnvitjr  •  Vspor 
(relstive  to  STP  sir) 

0.137 

0.137 

Criticsl  Density 

445  Ib/H* 

60.84  kg/m* 

Critics!  Pressure 

33.2  psis 

220  kPs 

Criticul  Tempersture 

-450.3»F 

5.2  K 

Vspor  Pressure 

14.900  psis 

St  •4S2*F 

101  kPs 

St  4.224  K 

Coefficient  of  Absolute 

Viscosity  (1  stm) 

0.1884  centipoise 

St  32'’F,  Slid 

14.7  psis 

1.884  X  l0-<  Ps  s 

St  273.15  K  snd  101  kPs 

Figure  B21-1  Physical  Properties  of  Helium  (MW 


4.0026  g  mol) 
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CHAPTER  B22 
THE  ALCOHOLS 


B22.1  PROPERTIES 
B22..1.1  Identification 

See  Table  B22-1.  Their  molecular  weight  are  also  listed  in  Table  B22-1. 

B22.1.2  General  Appearance  and  ComBon  Uses 

Methyl,  ethyl  and  Isopropyl  alcohols  are  clear,  water-white,  mobile  liquids. 
Furfuryl  alcohol  is  a  clear,  amber-colored,  mobile  liquid.  All  of  the 
alcohols  have  characteristic  odors.  Alcohols  are  widely  used  in  various 
industries  for  a  variety  of  purposes. 

B22.1.3  Physical  and  Chemical  Properties 

Major  physical  properties  of  the  alcohols  are  provided  in  CPIA  394. 

B12. 1.3.1  Soluhility  -  All  of  these  alcohols  are  miscible  with  water  in  all 
proportions.  They  are  soluble  in  most  of  the  common  organic  solvents  such  as 
acetone,  ether,  carbon  tetrachloride,  bensene,  kerosene  and  gasoline. 

B22.1.3.2  Stability  -  The  only  alcohol  showing  a  tendency  toward  instability 
is  furfuryl  alcohol.  Furfuryl  alcohol  forms  water  insoluble  products  with 
darkening  of  the  solution  upon  exposure  to  heat,  atmospheric  oxygen,  acidic 
atmospheres,  or  upon  standing  for  long  periods  of  time. 

B22.1.3.3  Reactivity  -  All  of  the  alcohols  are  excellent  solvents.  In 
addition,  furfuryl  alcohol  may  undergo  polymerisation.  They  are  combustible 
liquids  and  will  react  vigorously  with  strong  mineral  acids  or  strong  organic 
acids.  The  alkyl  alcohols  are  not  hypergolic  with  nonf luorinated  oxidisers. 
Furfuryl  alcohol,  however,  is  hypergolic  with  fuming  itric  acid. 

B22.1.3.4  Environmental  Fate  -  The  alcohols  are  biodegradable  when  diluted 
in  v.'ater. 

B22.2  HAZARDS 

B22.2.1  Health  llasards 

B22.2.1.1  Toxicity  -  The  alcohols  used  in  propulsive  units  have  several 
properties  that  contribute  to  toxic  hasards: 

a.  They  are  irritant  to  sensitive  tissues. 

b.  They  are  fat  solvents. 

c.  When  absorbr^d  into  the  body,  they  depress  the  higher  brain  centers. 
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Trble  B22-1  Identification  of  the  Alcohols 


NAME  (NW  in  g  mol) 

CHEMICAL  NAME 

FORMULA 

Methyl  Alcohol  (32.04) 

Methanol  (Wood  Alcohol) 

CH3OH 

Ethyl  Alcohol  (46.07) 

Ethanol  (Grain  Alcohol) 

C2H5OH 

Isopropyl  Alcohol  (60.11) 

Isoprcpanol 

C3H7OH 

Furfuryl  Alcohol  (98.10 

Furfurol 

C9Hg020H 

The  greatest  danger  from  alcohols  la  the  likelihood  of  their  consumption  aa  a 
beverage  by  uninformed  peraons.  Tbe  occasional  consumption  of  diluted  but 
otherwise  pure  ethyl  alcohol  will  not  cause  other  than  temporary  intoxication, 
but  because  propellant  alcohol  is  denatured  with  poisonous  substances  such  as 
methyl  alcohol,  bensene  (drying  agent)  and  other  denaturants,  its  consumption 
must  be  prohibited. 

The  defatt  .ug  action  of  the  alcohol  is  probably  responsible,  at  least  in  part, 
for  their  ability  to  produce  a  mild  Irritation  of  the  skin  if  allowed  to 
reoMin  on  the  skin  or  clothing.  In  either  liquid  or  vapor  form,  thase 
alcohols  are  irritating  to  the  eyes,  the  mucous  membranes  and  the  lungs. 

B22.2.1.1.1  Ethyl  Alcohol  -  Ethyl  alcohol  in  liquid  form  cad  irritate  the  eyes 
and,  to  a  lesser  degree,  the  skin.  In  high  vapor  concentrations  the  eyes  and 
respiratory  passages  may  be  irritated  (References  1,  2,  and  3).  If  swallowed, 
the  well-known  alcoholic  intoxication  enauea.  This  is  the  result  of  a 
depreasion  of  the  higher  brain  centers,  erroneously  interpreted  hy  siany  as  a 
stimulant  effect.  The  consumption  of  propellant  alcohol  must  be  prohibited 
because  of  the  poisonous  compounds  used  to  denature  it. 

B22.2.1.1.2  Furfurvl  Alcohol  -  Like  the  other  alcohols,  furfuryl  alcohol  has  a 
depressant  action  on  the  central  nervous  system.  It  appears  to  be  more 
irritant  to  the  respiratory  tract  than  the  other  alcohols.  Small  doses 
stimulate  respiration.  Larger  doses  deprews  respiration,  reduce  body 
temperature,  produce  nausea,  salivation,  diarrhea,  dlssiness  and  diureses. 

B22.2.1.1.3  Isopropyl  Alcohol  -  Isopropyl  alcohol  has  greater  narcotic  action 
than  ethyl  alcohol.  Ingestion  of  10  milliliters  or  more,  or  inhalation  of 
large  quantities  of  the  vapor  may  progressively  cause  flushing,  headache, 
dlssiness,  mental  depression,  nausea,  vomiting,  narcosis,  anesthesia,  coma  and 
death. 

B22.2.1.1.4  Methyl  Alrohol  -  Methyl  alcohol  is  so  volatile  that  toxic 
concentrations  of  vapor  can  readily  build  up  in  enclosed  spaces.  Moderate 
exposure  to  the  vapor  causes  irritation  of  the  eyes,  nose,  throat,  and  lungs. 
Severe  exposures  cause  stupor,  dlsziness,  depression  of  the  central  nervous 
system,  and  gastrointestinal  symptoms. 

Cotisumption  of  meth/l  alcohol  is  dangerous.  In  addition  to  excruciating 
abdotninal  pain  with  nausea  and  vomiting  progressing  to  convulsive  spasms,  some 
people  may  suffer  blindness  after  drinking  as  little  as  10  milliliters. 
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Methyl  alcohol  has  a  apeclflc  effect  on  the  optic  rerve.  Optic  nerve  damage 
from  Inhalation  exposure  to  methyl  alcohol  is  not  encountered  in 
concentrations  which  are  bearable  (References  It  ^  and  5).  Individual 
susceptibility  varies*  Severe  poisoning  may  cause  a  coma  lasting  for  several 
days  terminated  by  death. 

B22.2.1.2  Exposure  Limits 

B22.2.1.2.1  Threshold  Limit  Values-Time  Weighted  Avaraae  (TLV-TWA)  (See 
References  6|  7  and  8) 

Ethyl  Alcohol:  The  TLV-TWA  is  1000  ppm  (1900  mg/m^) 

(1000  pps*  is  about  the  odor  threshold) 

Furfuryl  Alcohol:  the  TLV-TWA  is  10  ppm  (40  mg/m^) 

Skin  warning.  Skin  exposure  can  contribute  to  inhalation  type  health 
effects.  The  TLV-STEL  is  15  ppm  (60  mg/m^)  and  the  IDLH  is  250  ppm 
(1  g/m3) 

Isopropyl  Alcohol:  The  TLV-TWA  is  400  ppm  (980  mg/m^) 

The  TLV-STEL  is  500  ppm  (1225  mg/m^)  and  the  IDLH  is  20.000  ppm  (49 

g/m3) 

Methyl  Alcohol:  The  TLV-TWA  is  200  ppm  (260  mg/m^) 

Skin  warning.  Skin  exposure  can  contribute  to  inhalation  type  health 
effects.  The  TLV-STEL  is  250  ppm  (310  mg/m^)  and  the  IDLH  is  25,000 
ppm  (31  g/m3) 

B22.2.1.3  Special  ipfonMtion  ~  For  first  aid  information,  see  CPIA 

394,  Appendix  E22. 

B22.2.2  Fire  and  Jonibustion  Product  Hasards 

Combustion  of  the  alcohols  differs  from  the  combustion  of  the  hydrocarbons  in 
that  the  alcohol  flames  are  difficult  to  see  in  daylight:  there  are  no 
luminous  carbon  particles  (smoke)  to  isake  them  visible.  For  this  reason,  care 
must  be  taken  in  combatting  open-spill  fires  or  fires  involving  spills  in 
equipment,  since  fire  back-flashes  may  occur  and  be  unperceived  by  the  fire 
fighting  personnel.  Such  an  occurrence  could  result  in  Injury.  The  alcohols 
are  moderately  flamnable  and  water  soluble.  Methyl  and  ethyl  alcohols  will 
support  combustion,  once  initiated,  even  though  diluted  to  less  than  50X 
concentration  in  water. 

B22.2.3  Explosion  Hazards 

Vapors  of  methyl,  ethyl  and  isopropyl  alcohol  readily  form  explosive  mixtures 
with  air.  The  vapor  pressure  of  furfuryl  alcohol  is  lower  than  those  of 
methyl,  ethyl  or  Isopropyl  alcohol,  it  is  less  hazardous  under  normal 
conditions . 

B22.3  RESER\,.^D 

B22.4  RESERVED 
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B22.5.1  Matariala  (Reference  9) 

Contact  with  oxidiiiug  naterials  nay  cauae  a  vlgoroua  reaction  for  each  of 
theee  alcohols. 

Methyl  alcohol  becones  unstable  with  the  addition  of  heat  and  may  react  with 
metallic  a'uainum  at  high  temperatures.  Contact  with  strong  oxiilizers  may 
cause  fires  and  explosions. 

B22.S.1.1  Metals  -  Steel  is  very  commonly  used  for  the  construction  of 
drums,  containers,  main  storage  tanks,  and  permanent  storage  facilities  for 
alcohol,  although  stainless  steel,  high-tensile  steel.  Monel  metal,  aluminum 
and  aluminum  alloys  are  also  used. 

Steels  authorised  for  use  with  the  alcohols  include  mild  steel  (hot-rolled, 
cold-rolled),  low-carbon  steel,  open-hearth  steel,  and  electric  steel. 
Stcndsrd  connercial  quality  is  acceptable. 

Several  aluminum  alloys  are  also  authorised  for  use  with  the  alcohols 
discussed  herein. 

B22.5.1.2  Non-Metals  -  Materials  acceptable  for  alcohol  service  are: 

Tetraf luoroethylene  (Teflon  TFE),  Halon  TFE,  or  equivalent 

Chlorotrif luoroethylene  (Kel-F),  Halon  CTF,  or  equivalent 

Polyethylene 

Pol3rvlnyl  Chloride 

Fluorosilicone  (FSI) 

Neoprene,  Chloroprene 

Ethylene  Propylene  (PM,  EOPM,  EPT) 

Silicone  (SI) 

Styrene  Butadiene  (S6R,  BUNAS,  GR) 

Neoprene  and  rubber  may  be  used  with  all  alcohols  except  furfuryl  alcohol. 

B22.5.1.3  Lubricants  -  Because  all  of  the  alcohols  are  excellent  solvents, 
specialised  lubricants  such  as  fluorinated  hydrocarbons,  molybdenum  disulfide 
and  graphite-based  lubricants  must  be  used  wherever  '’he  alcohol  can  come  in 
contact  vith  the  lubricant.  Thread  lubricants  and  sealan^e  include: 

Permatex  No.  2 
Litharge  and  Glycerin 
Perf luoroethylene  Tape 

B22.5.2  Equipment 

B22.S.2.1  Containers  -  The  alcohols  are  shipped  in  drums,  tank  trucka,  and 
tank  cars,  and  may  be  stored  in  drums  or  main  storage  tanks.  See  Section 
B22. 5.1.1  for  material  data. 
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B22.5.2.2  PumpM  and  Hoie  -  Flooded-auctlon,  centrifugal  pumps  may  be  used 
with  alcohol  storage  tanka  designed  with  bottom  outlets.  Centrifugal  pumps 
equipped  with  a  liquid  reservoir  to  make  them  self-prisiing  may  be  used  with 
alcohol  storage  tanks  not  equipped  with  bottom  outlets.  If  limited  space  will 
not  accommodate  a  self-priming  centrifugal  pump,  a  positive-diaplaceirent  pump 
is  recoainended . 

Hoses  used  in  alcohol  service  may  be  constructed  of  materials  as  listed  in 
Section  B22.5.1.2. 

B22.3.2.3  Lights  -  Temporary  portable  extension  cords  with  lights,  used  in 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
Bureau  of  Mines.  Flash  lights  or  storage  battery  lamps,  where  permitted  for 
use,  should  be  of  the  safety  types  approved  by  the  Bureau  of  Mines,  or  as 
accepted  by  the  current  edition  of  the  National  Electrical  Code  (Reference  10). 

B22.5.2.<i  Pipes  and  Fittings  -  Pipi.s  and  fittings  must  be  of  approved 
materials  (See  Section  U22.S.1),  and  must  be  tested  for  a  design  working 
pressure  of  at  least  1.03A  MPa  (ISO  paig).  Welded  or  flanged  connections  are 
recoirnnended;  threaded  connections  with  the  proper  thread  sealing  compound  (See 
Section  B22.5.1.3)  are  permissible. 

B22.5.2.S  Gaskets  -  Gaskets  may  be  suide  of  the  awterial  listed  in  Section 
B22.5.1.2. 

B22.3.2.6  Pressure  Gauges  -  Standard-pressure  gauges  will  be  used  in  alcohol 
service  and  storage  systems.  In  order  to  minimise  operator  reading  errors, 
all  pressure  gauges  used  for  a  cossson  purpose  should  have  identical  scales. 

B22.S.2.7  Valves  -  It  is  the  practice  of  industry  to  use  gate  or  globe  type 
valves;  however,  plug  and  ball  type  valves  are  alao  acceptable. 

322.5.2.8  Venting  Systems  and  Pressure  Relief  -  Vent  openings  in  tho  storage 
system  should  terminate  outdoors  and  should  be  protected  by  approved  flame 
arresters.  Vents  should  be  sized  according  to  the  specifications  given  in 
Reference  12. 
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CHAPTER  B23 
HALOCARBONS  (FREONS) 


B23.1  PROPERTIES 


A  list  of  the  halocarbons,  divided  into  three  sections •  is  presented  in  the 
tables  below.  Table  B23-1  lists  the  Halon  fire  extinguishing  agents 
(Reference  1).  Table  B23-2  lists  the  Freon  refrigerants.  Table  B23'3  lists 
halocarbon  solvents  (References  2,  3).  Molecular  weights  of  all  halocarbons 
are  included  in  these  tables. 

B23.1.2  General  Appearance  and  Common  Uses 

The  halocarbons  discussed  in  this  chapter  are  used  us  fire  extinguishing 
agents,  aerosol  propellants,  refrigerants,  and  solvents. 

Most  Freon  halocarbons  appear  as  colorless,  almost  odorless  liquids  and  vapors. 

The  solvents,  carbon  tetrachloride,  perchloroethylene,  trichloroethane,  and 
chloroform  are  colorless  liquids  with  ethereal  odor.  Methylene  chloride  is  a 
colorless,  volatile  liquid. 

B23.1.3  Physical  and  Chemical  Properties  (References  1,  2,  3  and  4) 

The  specific  chemical  properties  of  all  the  halocarbons  are  provided  in  CPIA 
394.  Figures  B23-1  through  B23-5  list  the  properties  of  the  Freon 
refrigerants. 

B23. 1.3.1  Environmental  Fate  (References  5  and  6)  -  Halocarbons  in  the 
atmosphere  apparently  have  no  tropospheric  sink  and  diffuse  into  the 
stratosphere  where  they  are  disassociated  by  short  wave  radiation  to  yield 
atomic  chlorine.  The  atomic  chlorine  then  reacts  with  osone  and  catalyses  its 
decomposition.  The  reactivity  of  the  halocarbons  determines  its 
susceptibility  to  photo-oxidation.  Experiments  by  Cox,  et.  al.,  (Ref;*rence  5) 
have  shown  that  some  of  the  halocarbons  are  susceptible  to  photo-oxidation, 
but  the  fully  halogenated  compounds  such  as  Freon  11  and  12  and  carbon 
tetrachloride  are  for  all  practical  purposes  nonreactive  toward  the  hydroxyl 
radical  and  thus  resistant  to  photo-oxidation.  The  tropospheric  lifetimes  for 
some  of  the  halocarbons  are  give  below  (Reference  5): 

HALOCARBON  LIFETIME,  YR. 


Chloroform 

0.19 

Methylene  Chloride 

0.3 

Trichloroethylene 

1.1 

Freon  12 

330 

Carbon  Tetrachloride 

<  330 

Freon  11 

>  1000 
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Table  B23~l  Halon  Fire  Extinguishing  Agents 


SHORT  TITLE 

MIL  SPECS 

CHEMICAL  NAME 

CHEMICAL  FORMULA 
(MW  in  ^  mol) 

Halon  1202 

MIL-P-A540 

Dibromodifluorome thane 

CF2Br2  (209.83) 

Halon  1211 

MIL-B-387A1 

Bromochlorodif luoroae thane 

CF2ClBr  (165.37) 

Halon  )301 

MIL-M-12218 

BroBK)  t  r  if  luoroaw  thane 

CF3Br  (148.92) 

Halon  2A02 

No  Spec 

Dlb roam  tetraf luoroe thane 

C2F4Br2  (259.83) 

Table 

B23-2  Halocarbon  Refrigerants 

SHORT  TITLE 

MIL  SPECS 

CHEMICAL  NAME 

CHEMICAL  FORMULA 
(MVl  in  a  mol) 

Halon  1130 
(Freon  11) 

BB-F-1421 

TrichlorofluorosM  thane 

CFCI3  (137.37) 

Halon  1220 
(Freon  12) 

BB-F-1421 

Dichlorodif luorosmthane 

CF2CI2  (120.91) 

Halon  1120 
(Freon  21) 

BB-F-1A21 

Dichloroaonofluorome thane 

HCFCI2  (102.92) 

Halon  1210 
(Freon  22) 

BB-F-1A21 

Dif luorochloroBWthane 

HCF2CI  (86.47) 

Halon  2330 
(Freon  113) 

aa  refrigerant 
BB-F-1421 
aa  solvent 

MIL  ■C-81302 

Trichlorotrifluoroethane 

C2?3Cl3  (187.38) 

Table  B23-3  Halocarbon  Solvents 

SHORT  TITLE 

MIL  SPECS 

CHEMICAL  NAME 

CHEMICAL  FORMULA 
(MW  in  a  mol) 

Carbon 

Tetrachloride 

No  Spec. 

Tetrachloroswthune 

CCI4  (153.82) 

Chloroform 

No  Spec. 

Trlchloromethane 

CHCI3  (119.38) 

Methylene 

Chloride 

MIL-D-6998 

Dichloromethane 

CH2CI2  (84.93) 

Perchloro- 

ethylene 

O-T-236 

Tetrachloroethylene 

CCI2CCI2  (165.83) 

Trichloro¬ 

ethylene 

O-T-634 

CCI2CCIH  (131.29) 

Trichloro- 

ethane 

O-T-620  or 
MIL-T-81533 

CH2CICHCI2  (133.41) 
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Halocarbons  can  find  their  way  into  water  ayateoa  by  atmospheric  fallout, 
spills  or  iirect  discharge.  Since  these  compounds  are  for  the  most  part 
hydrophobic  and  of  limited  solubility,  they  are  absorbed  onto  bottom 
sediments,  clays,  biooiass  and  other  organic  particulates. 

B2:.i,4  Solubility 

Halocarbons  are  generally  slightly  soluble  or  insoluble  in  water.  Many  are 
miscible  with  alcohols,  bensene,  chloroform,  ether  and  carbon  disulfide. 

B23.1.5  Stability 

Many  of  the  halocarbons  emit  dangerous  gases  when  decomposed  at  high 
temperature  (e.g.,  carbon  tetrachloride  emits  phosgene  when  heated  to 
decomposition).  Otherwise,  under  normal  conditions,  these  chemicals  are 
considered  stable. 

Methylene  Chloride  reacts  violently  with  Li,  NaK,  potassium  tert-butoxide. 

Chloroform  reacts  violently  with  acetone  and  a  base  Al,  disllane,  Li,  Mg, 

N20^,  K,  (perchloric  acid  and  phosphorous  pentoxide),  (KOE  and  methanol), 
K-tert-butoxlde,  Na,  (NaOH  and  methanol),  sodium  methylate,  NaK. 

Freon  11  reacts  violently  with  Ba. 

Perchloroethylene  react.'  violently  with  Ba,  Be,  Li. 

Trichloroethylene  reacts  violently  with  Al,  Va,  N2O4,  Li,  Mg,  KOH,  KNO3, 

Na,  NaOH,  Ti. 

Trichloroethane  reacts  violently  with  acetone,  N2O4,  02»  Na,  NaOH,  Na-K 
alloys. 

B23.2  Bagflrda 
B23.2.1  Health  Hasards 

B23.2.1.1  Toxicity  -  Most  of  the  halocarbons  used  as  refrigerants,  fire 
extinguishing  agents,  and  solvents  are  toxic  in  some  degree.  Since  they  are 
generally  present  in  sealed  systems,  those  in  the  first  two  categories  present 
a  lower  risk  than  the  chlorinated  solvents.  All  are  readily  absorbed  into  the 
blood  stream,  Refrigerant  gases  may  cause  respiratory  irritation,  di^eslness, 
unconsciousness  and  death.  Heat  arrhythmias  may  also  be  produced.  The  fire 
extinguishing  agent  (Halons)  can  be  lethal  if  the  concentration  in  air  is 
above  10  percent.  For  safety  consideration  extinguisher  vapor  concentration 
should  be  limited  to  a  maximum  of  7  percent.  The  halocarbon  solvents  cause 
various  degrees  of  liver  damage;  in  this  respect  carbon  tetrachloride  is 
extremely  hazardous  and  should  never  be  used  for  cleaning  purposes  or  for  fire 
extinguishment.  In  a  fire,  the  chlorinated  solvents  and  refrigerants  may 
produce  toxic  products.  The  defatting  action  of  halocarbons  on  the  skin  may 
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cause  dry  skin,  dermatitis •  blisters  and  local  infection.  The  refrigerants 

may  cause  frostbite.  Specific  comments  are  pr  vided  below  for  individual 

chemicals  (References  7,  10,  and  11): 

Halon  1301  -  Halon  1301  vapors  are  narcotic  when  in  high  concentrations.  When 
this  material  decomposes,  toxic  gases  such  as  hydrogen  bromide, 
carbonyl  fluoride,  hydrogen  fluoride,  and  carbon  monoxide  may  be 
released.  (Also  see  Special  Medical  Information.  Section  B23.2.1.3) 

Freon  11  -  Freon  11 's  vapors  are  narcotic  and  at  high  concentrations  may  cause 
asphjrxla.  Upon  decomposition,  it  emits  toxic  gases  and  vapors  such  as 
hydrogen  chloride,  phosgene,  and  hydrogen  fluoride.  (Also  see  Special 
Medical  Information) 

Freon  12  -  (See  Special  Medical  Information) 

Freon  21  -  Freon  21  is  a  respiratory  irritant  and  at  very  high  concentrations 
causes  asphyxia.  Upon  decomposition,  toxic  gases  such  as  hydrogen 
chloride,  phosgene,  and  hydrogen  fluoride  may  be  released.  (Also  see 
Special  Medical  Information) 

Freon  113  -  (See  Special  Medical  Information) 

Carbon  Tetrachloride  -  Vapors  of  carbon  tetrachloride  are  narcotic.  They  can 
cause  severe  damage  to  the  liver  and  kidneys.  In  hissans  the  majority 
of  fatalities  due  to  carbon  tetrachloride  have  resulted  from  renal 
Injury  with  secondary  cardiac  failures.  Liver  failure  is  more 
frequently  associated  with  ingestion  than  inhalation  of  the  vapors. 
Upon  decomposition,  toxic  gases  and  vapors  such  as  hydrogen  chloride, 
chlorine,  phosgene,  and  carbon  monoxide  may  be  released  (Also  see 
Special  Medical  Information).  This  materxal  should  be  used  only  where 
substitute  solvent  can  not  be  found. 

Chloroform  -  The  vapors  of  chloroform  act  as  a  depressant  and  are  toxic  to  the 
liver  and  kidneys.  The  liquid  has  a  defatting  effect  on  the  skin  and 
may  cause  chronic  irritation  with  drying  and  cracking.  It  causes  an 
immediate  burning  pain  and  conjunctional  irritation  when  splashed  in 
the  eyes.  Upon  decomposition,  chloroform  may  release  toxic  gases  and 
vapors  such  as  hydrogen  chloride,  chlorine,  phosgene,  and  carbon 
monoxide.  It  slowly  reacts  to  form  phosgene  and  hydrogen  chloride 
gases  when  in  the  presence  of  air.  (Also  see  Special  Medical 
Information) 

Methylene  Chloride  -  Methylene  chloride  is  painful  and  irritating  when 

splashed  in  the  eyes  or  if  confined  on  the  skin  by  gloves,  etc.  A 
bum  can  result  from  such  skin  or  eye  contact.  Methylene  chloride  has 
producer  slight  narcosis  in  animals.  Eitreme  exposure  can  be  fatal. 
Short  term  exposures  can  result  in  headaches,  giddiness,  stupor, 
irritability,  numbness,  and  tingling  in  limbs,  fatigue,  irritation  of 
the  eyes  and  respiratory  passage,  neurasthenic  disorders.  Long  term 
exposures  may  damage  the  liver  and  kidneys.  Long  term  exposures  may 
cause  toxic  encephatoses  with  acoustical  and  optical  delusions  and 
hallucinations.  Toxic  effects  of  the  methylene  chloride  are  due  in 
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part  to  the  body's  capacity  to  rat.*"abolize  methylene  chloride  to  CO. 
Carbon  monoxide  and  carboxyhemoglobin  in  the  blood  are  produced  in 
humans  receiving  exposures.  These  effects  have  been  found  to  be 
augmented  in  an  additive  way  to  the  effects  of  CO  in  the  air. 

PCE  (Perchloroethylene)  -  (See  Special  Medical  Information) 

l,l,Z-Trichloroe thane  -  This  material  has  a  potent  narcotic  vapor  and 

considered  to  be  carcinogenic.  It  may  injure  the  lungs,  liver,  and 
kidneys  and  may  Irritate  the  nose  and  eyes.  No  cases  of  intoxication 
or  systemic  effects  have  been  reported  for  humans  from  industrial 
exposures.  Upon  decomposition,  in  a  fire,  toxic  gases  and  vapors  such 
as  hydrogen  chloride,  phosgene,  and  carbon  monoxide  may  be  released. 
(Also  see  Special  Medical  Information) 

B23.Z.1.2  Exposure  Limits  -  Exposure  limit  data  for  the  halccarbons  is 

summarized  in  CPIA  39A  (References  7,  8,  9  and  10). 

B23.Z.1.3  Special  Medical  Information  (References  10,  11  and  12)  -  For  first 

aid  Information,  see  CPIA  394,  Appendix  E23.  Special  medical  information  for 

the  individual  halocarbons  is  given  below: 

Halon  1301  -  Balon  1301  can  affect  the  body  by  inhalation  or  contact  with  the 
skin  or  eyes.  When  breathed  in  large  concentrations,  it  may  cause 
light  headedness  or  may  cause  the  heart  to  beat  Irregularly  or  stop 
(cardiac  arrhythmia).  It  is  not  a  known  eye  irritant  and  does  not 
have  other  adequate  warning  properties. 

Freon  11  -  Freon  11  can  affect  the  body  by  inhalation,  by  contact  with  the 
skin  or  eyes,  or  by  ingestion.  It  may  cause  drowsiness, 
unconsciousness,  and  death.  Breathing  high  concentrations  may  cause 
the  heart  to  beat  Irregularly  or  stop.  Prolonged  overexposure  may 
cause  skin  irritation.  Other  symptoms  Include  incoordination, 
tremors,  and  frostbite  (upon  exposure  to  cold  material).  It  is 
considered  to  have  poor  warning  properties. 

Freon  12  -  Freon  12  can  affect  the  body  by  inhalation  or  by  contact  with  the 
skin  or  eyes.  It  can  affect  the  cardiovascular  system  an  1  peripheral 
nervous  system,  the  symptoms  including  dizziness,  tremors, 
unconsciousness,  cardiac  arrhythmias,  and  cardiac  arrest. 

Freon  21  -  Freon  21  can  affect  the  body  by  inhalation,  contact  with  skin  or 

eyes,  or  ingestion.  The  effects  of  long  term  exposure  are  not  known, 
but  short  term  exposures  may  Cause  drowsiness,  unconsciousness,  and 
death.  It  may  cause  the  heart  to  beat  irregularly  or  stop  and  can 
affect  the  lungs  and  respiratory  system  by  asphyxia.  Skin  contact 
with  the  liquid  may  cause  frostbite  (Reference  13). 

Freon  113  -  Freon  113  can  affect  the  body  by  inhalation,  contact  with  skin  or 
eyes,  and  ingestion.  The  skin  and  heart  can  be  affected,  symptoms 
including  Irritated  throat,  drowsiness,  and  dermatitis. 
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Carbon  Tetrachloride  -  This  material  can  affect  the  body  if  inhaled  or  by  skin 
or  eye  contact  with  the  liquid.  Long  term  exposure  may  cause  liver 
and  kidney  damage.  Long  term  contact  of  the  liquid  with  the  skin  may 
cause  skin  irritation.  OSHA/NIOSH  considers  this  material  to  be 
carcinogenic.  Short  term  exposures  may  cause  drowsiness •  dlasiness, 
incoordination  and  unconsciousness.  Delayed  effects  include  heart, 
liver  and  kidney  damage.  Liver  daaiage  has  S3naptoms  Including  yellow 
jaundice  and  dark  urine.  Eye  contact  with  the  liquid  causes  burning 
and  intense  irritation  (Reference  13). 

Chloroform  -  This  miterial  can  affect  the  body  if  it  is  inhaled,  contacts  the 
skin  or  eyes,  Ox  is  ingested.  Long  tens  exposure  may  cause  liver  or 
kidney  damage.  Long  tens,  repeated  skin  contact  with  the  liquid  may 
cause  skin  irritation.  Short  term  exposure  to  chloroform  vapors  may 
cause  headache,  drowsiness,  vomiting,  dizziness,  unconsciousness, 
mental  dullness,  irregular  heart  beat  and  death.  Liver  and  kidney 
damage  also  may  result.  Chloroform  splashed  in  the  eyes  causes  pain 
and  irritation.  Swallowing  chloroform  results  in  immediate  severe 
burning  of  the  mouth  and  throat  with  abdominal  and  chest  pain  and 
vomiting.  Loss  of  consciousness  and  liver  damage  may  also  result  from 
ingestion  of  the  liquid. 

Methylene  Chloride  -  This  material  can  affect  the  body  by  inhalation,  contact 
with  skin  or  eyes  and  ingestion.  Symptoms  include  fatigue,  weakness, 
sleepiness,  lightheadedness,  numbness  or  tingle  in  limbs,  nausea,  eye 
irritation,  skin  irritation,  vertigo  and  worsen  angina. 

POE  (Perchloroethylene)  -  This  material  can  affect  the  body  by  inhalation, 
contact  with  the  skin  or  eyes  and  ingestion.  It  can  effect  the 
central  nervous  system,  mucous  membranes,  eyes,  lungs,  liver,  kidney, 
heart  and  skin.  Symptoms  include  Irritated/buming  eyes,  nose  and 
throat,  congestion,  nausea,  flushed  face  and  neck,  vertigo,  dizzlnesp, 
unconsciousness,  light  narcosis,  difficulty  in  iiiotor  coordinating. 
Incoordination,  headache,  erythemia  and  liver  damage.  It  is  a 
possible  carcinogen.  When  given  as  a  hookworm  anthelmintic,  it 
produced  narcotic  effects,  exhilaration,  and  inebriation. 

1 ,1,2-Trichloroe thane  -  This  material  can  affect  the  body  by  inhalation, 
absorption  through  the  skin,  skin  or  eye  contact,  and  Ingestion. 
Exposures  may  also  cause  kidney  or  liver  damage,  eye  irritation,  nose 
irritation,  drowsiness,  depression,  incoordination,  unconsciousness, 
and  death. 

B23.2.2  Fire  and  Combustion  Product  Hazards 

Upon  decomposition,  toxic  gases  and  vapors  are  produced  by  the  halocarbons. 

The  specific  toxic  products  for  the  individual  chemicals  are  delineated  under 
Toxicity  (Section  B23  2.1.1).  The  Freons,  carbon  tetrachloride,  and 
chloroform,  are  not  combustible.  Methylene  chloride  is  not  combustible  based 
on  standaid  tests  but  will  hum  under  extreme  conditions.  Trichloroethane  Is 
flammable  and  has  flammability  limits  in  air  of  6  and  15.5  percent  by  volume. 
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B23.2.3  Exploaion  Hasarda 

Generally  no  exploaion  hazarda  were  cited  for  theae  materiala. 
IncocBpatibllitiea  that  could  poaalbly  lead  to  fire  cr  exploaion  are  listed 
below: 

Halon  1301  -  Reacts  with  chemically  active  metals,  calcium,  or  with  powdered 
aluminum,  zinc,  and  magnesium  (Reference  13). 

Freon  11,  12,  and  21  -  Reacts  with  chemically  active  metals  such  as  sodium, 

potassium,  calcium,  powdered  aluminum,  zinc,  and  magnesium  (Reference 
13). 

Freon  113  -  Reacts  with  chemically  active  metals,  calcium,  powdered  aluminum, 
zinc,  magnesium,  and  beryllium.  It  decomposes  in  contact  with  alloys 
containing  greater  than  2  percent  magnesium. 

Carbon  Tetrachloride  -  This  material  will  react  with  chemically  active  metals 
such  as  sodium,  potassium,  and  magnesium. 

Chloroform  -  Chloroform  reacts  with  strong  caustics  and  chemically  active 
metals  such  as  aluminum,  magnesium  powder,  sodium,  and  potassium. 

Methylene  Chloride  -  Methylene  chloride  has  flammability  limits  between  12  and 
19  percent.  This  material  will  react  with  strong  oxidizers,  strong 
caustics,  chemically  active  metals  such  as  aluminum,  smgnesium 
powders,  sodium,  and  potassium. 

PCE  (Perchloroethylene)  -  PCE  reacts  with  strong  oxidizers,  chemically  active 
metals  such  as  barium,  lithium,  and  berylliiun. 

Trichloroe thane  This  material  reacts  on  contact  with  strong  oxidizers, 

strong  caiwtics,  and  chemically  active  metals  such  as  aluminum  and 
magnesium  powders,  sodium,  and  potassium.  Contact  may  result  in  fire 
or  explosion. 

B23.2.4  Environmental  Effects 

The  persistent  nature  of  the  fully  halogenated  methane  and  the  lack  of 
tropospheric  sinks  indicate  that  these  compounds  will  terminate  in  the 
stratosphere.  Perchloroethylene  and  trichloroethylene  are  reactive  in  the 
troposphere  and  their  release  can  lead  to  the  formation  of  phosgene  which  may 
have  an  adverse  effect.  The  release  of  atomic  chlorine  in  the  stratosphere 
and  its  subsequent  reaction  with  ozone  could  have  deleterious  effects  if 
significant  quantities  over  time  are  released.  Most  of  these  compounds  are 
insoluble  in  water  or  slightly  miscible.  Their  major  transportation  mode  in 
the  environment  is  by  air.  In  aqueous  systems,  however,  the  halocarbons  will 
absorb  onto  sediments  und  persist.  Since  these  compounds  are  hydrophobic,  one 
would  expect  that  their  transport  through  land  into  groundwater  reservoirs 
would  be  limited.  However,  recent  studies  have  demonstrated  alarming 
concentrations  of  halocarbons,  including  trichloroethylene, 
tetrachloroethylene,  carbon  tetrachloride,  1,1,1-trlchloroethane,  and 
methylene  chlorine  in  grotmd  water  drinking  water  supplies.  Many  of  these 
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coapounda  are  auapected  carcinogens i  and  possible  health  risks  associated  with 
consuaption  of  water  with  high  concentrations  of  these  have  proapted  the  EPA 
to  require  treatsient  of  such  water  supplies. 

B23.3  RESERVES 

323. A  RESERVED 

B23.5  MATERIALS  AND  EQUIPMEMT  COMPATIBILIH 
323.5.1  MaLftCiAla 

The  helogensted  hydrocarbons  may  be  divided  into  several  subgroups:  the 
HalonSi  Freonst  and  the  solvents. 

Halon&:  halnn  1301,  1211,  2A01  are  classified  as  a  liquified  compressed  gas, 
for  transfer  storage  purposes.  Cylinders  of  approved  design,  construction  and 
propeirly  selected  materials  in  accordance  with  U9  CFR  170-190  (Reference  16) 
should  b'  used.  Excessive  heat  say  contribute  to  instability  causing 
containers  to  burst.  Toxic  gases  and  vapors  (such  as  hydrogen  bromide, 
carbonyl  fluoride,  hydrogen  fluoride,  and  carbon  monoxide)  may  be  released 
when  trif luoromonobromomethane  decomposes.  Halons  react  with  chemically 
active  metals,  calcium,  or  with  powdered  aluminum,  sine,  and  magnesium.  A 
special  precaution  is  the  possibility  of  liquid  halons  attacking  some  forms  of 
plastics,  rubber  and  coatings. 

Freon  11,  21,  22,  113  are  all  stable  liquids  or  gases  under  normal  temperature 
and  pressure  conditions.  These  sxibstances,  however,  become  unstable  when 
heated.  In  general,  Freons  react  with  chemically  active  metals  such  as 
sodium,  potassium,  calcium,  powdered  aliiminum,  sine,  and  magnesium.  Liquid 
Freons,  also  in  general,  attack  some  forms  of  plartics,  rubber,  and  coa'.lngs. 

The  solvents  include  carbon  tetrachloride,  chloroform,  methylene  chloride 
(MC),  perchloroethylene  (PCE),  trichloroethylene  (TCE),  and  trichloroethane. 

Carbon  tetrachloride  is  not  combustible  but  does  react  with  chemically  active 
metals  such  a  sodium,  potassium,  and  isagnesium. 

Chloroform  (or  trlchloromethane)  is  slightly  flasmable  when  exposed  to  high 
heat  but  otherwise  practically  nonflammable.  Chloroform  reacts  eu^irgetically 
with  strong  caustics  and,  like  carbon  tetrachloride,  chemically  active  metals. 

Methylene  chloride  is  practically  nonflammable,  normally  stable,  but  unstable 
at  elevated  temperature  and  pressure. 

All  of  these  solvents  will  attack  some  forms  of  plastics,  rubber,  and  coatings. 

The  selection  of  materials  must  take  into  account  the  compatibility  of  the 
pure  Solvent  with  the  metals  or  nonmetals.  In  addition,  the  selection  of 
materials  must  consider  the  overall  compatibility  of  the  solvent  and 
contaminants  acquired  during  cleaning  process. 
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The  presence  of  water  or  minute  quantities  of  hydrochloric  acid  in  the 
solvents  will  have  a  corrosive  action  oi  most  metals.  Continuous  exposure  of 
sine,  alufflinufflt  magnesium,  copper,  and  copper  alloys  to  solvents  containing 
excessive  moisture  under  elevated  temperatures  should  not  be  allowed.  These 
metals,  however,  can  be  cleaned  in  the  solvent.  The  following  metals  are 
suitable  for  solvent  service. 

a.  When  isoisture  content  or  acidity  is  equal  to  or  less  than 
specified  in  the  solvent  Military  Specification. 

Carbon  steels 

b.  Under  wet  conditions 


Stainless  steels  (300  series) 

Nickel 

Monel 

Inconel 

B23.5.1.2  Non-Metals  -  T.ie  effects  of  solvents  on  nonmetal  (plastics  or 
e'-'tomers)  are  difficult  to  predict  or  to  make  any  generalized  statement.  As 
an  example,  th?  effect  of  a  solvent  on  elastomers  will  depend  on  the 
plasticizers,  curing  conditions,  nature  of  the  polymer  and  other  variables. 
Synthetic  rubbers  produced  by  some  manufacturers  may  contain  plasticizers 
which  can  be  extracted  by  the  solvent.  Therefore,  tests  should  be  conducted 
to  determine  overall  material  suitability  to  the  application  involved.  The 
effect  of  solvents  on  selected  plastics  and  elastomers  are  given  in  CPIA  39A. 
The  following  non-metals  are  recommended  for  solvent  handling  equipment: 

a.  Pump  Packings;  Graph! ted  asbestos 

b.  Compressor  Fackiug;  Square  plaited  graphite  asbestos 

c.  Mechanical  ohaft  Se^tls;  Tatraf luoroethylene  polymer,  high  density 

d.  Gaskets;  Compressed  ssbestes,  paper  stock  wich  phenolformaldehyde 
resin  binder  (for  service  'elow  366  K  tl00*F]),  pape..-  fiber  and 
cork  Impregnated  with  solvent  insoluble  varnish  or  dope,  lead 
gaskets,  and  fluorocarbon  pnljmer  reinforced  with  metal  mesh. 

e.  Lubricants;  Solvent-insoluble  lubricants  such  as  calcium  soap  or 
soap  of  a  stearate  and  fluorolubes. 

B23.5.2  Equipment 

S23.5.2.1  Tanks  -  Storage  tanks  must  be  licu.'u  and  vapor  tight.  Either 
horizontal  or  vertical  tanks  are  suitable  and  should  bo  so  constructed  to 
facilitate  removal  of  sludge  by  f  ushing  tank  bottoms.  Underground  storage 
tanks  are  not  recommended.  Warm  storage  locations  increase  solvent 
evaporation  losses  and  should  be  avoided. 


B23.5.2.2  Pipings.  Fittings  and  Valves  -  Piping  can  be  welded,  flanged  or 
threaded.  Standard  weight  piping  is  satisfactory.  Fittings  and  valves  can  be 
of  steel,  wrought  iron  or  cast  iron.  Gate  or  iron  plug-cock  valves  will  give 
good  service.  Piping  should  be  clearly  identified  (Reference  17). 
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B23.5.2.3  I  VA  ~  Whan«v«r  possible •  •  centrifugal  pump  should  be  usee'.  A 
self-prining  positive  displaceaerit  puap  or  gravity  transfer  should  be  used  if 
the  storage  systca  is  located  below  the  pump. 

BZ3.5.2.A  Vents  -  All  storage  tanks  must  be  provided  with  vents  so  air  can 
enter  or  leave  the  tank  as  solvent  is  added  or  withdrawn.  A  vent  dryer 
containing  silica  gel  Is  reconsended  to  reswve  moisture  prenenC  in  the  air. 
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1.22  X  10-»  Pk  • 
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1.4  cratipoikM 
k(88*P 
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243  K 
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•262*F 

115.4K 
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8.33  kg/m* 

(Liquid) 

10.94  Ib/gal 
(81.84  Ib/H*) 

1.311  Mg/m 

Specific  Grtvit/  •  V»por 
(relativs  to  STP  nir) 

4.17 

4.17 

Critical  Densitjr 

34.84  Ib/H* 
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Critical  Pressure 
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4.118  MPa 

Critical  Temperature 

253 .6«F 

385  K 

Vapor  Pressure 
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578  kPa 

at  88®F 

at  203  K 
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at68*F 

1.22  X  10- *  Pa  s 
at  203  K 

(Liquid) 

1.4  eentipoises 
at  88«F 

1.4  X  10-*  Pa  s 
at  203  K 

Figure  B23-2  Physical  Properties  of  Halon  1220  (Freon  12) 
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0.2M  lb/K« 
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3.0 

3.0 

Critical  Density 
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Critical  Temperature 
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300.2  K 

Vapor  PreMure 

Coefficient  of  Kinematic 

Viscosity 
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(Gas) 

0.0122  eentipoise 
at  88«F 

1.22  *  I0-*  Pa  s 
at  208  K 

(Liquid) 

1.4  eentipoise 
at  08»F 

1.4  X  I0-*  Pa  s 
at  208  K 

Figure  B23-4  Physical  Properties  of  Halon  1210  (Freon  22) 
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CHAPTER  B24 
HYDRAULIC  FLUIDS 


B24.1  PROfERi;^ 

B24.1.1  Identification 

The  hydraulic  fluide  discussed  in  this  chapter  arc  listed  in  Table  B2A-1,  with 
the  pertinent  military  specifications.  These  hydraulic  fluids  are  comprised 
of  a  petroleum  base  and  an  anti-wear  agent  (triorthocresyl  phosphate)  in 
addition  to  other  additives  (References  1«  2,  3,  4,  and  5). 

Table  B24-1  Hydraulic  Fluids 


DESIOIATION 

MIL  SPECIFICATION 

C-635  (NATO  Symbol) 

MIL-H-6083D 

H-515 

MIL-U-5606E 

H-537 

MIL~H-832B2B 

H-573 

None 

Triorthocresyl  phosphate 

Chemical  formula 

(CH3C6Hi,0)3 

B24.1.2  General  Appearance  and  CoauBon  Uses 

The  fluids  discussed  above  are  used  as  hydraulic  fluids  and  heat  exchange 
mediums.  Triorthocresyl  phosphate  is  a  colorless*  odorless  liquid.  The 
hydraulic  fluids  covered  by  military  specifications  generally  contain  dye  for 
coloration,  and  the  petroleum  base  ^ives  them  an  oil  appearance. 

B24.1.3  Physical  and  Chemical  Properties 


The  chemical  and  physical  properties  for  the  hydraulic  fluids  are  provided  in 
CPIA  394. 

BZ4. 1.3.1  Solubility  -  (Insufficient  information  other  than  to  treat  it  as  a 
petroleum  base  product.) 

B24.I.3.2  Stability  -  Triorthocresyl  phosphate  is  stable. 

B24.1.3.3  Reactivity  -  Triorthocresyl  phosphate  will  attack  some  forms  of 
plastics,  rubber,  and  coatings.  (Insufficient  infonuatlon  on  other  hydraulic 
fluids. ) 


B24.1.3.4  -  Hydraulic  fluids  would  most  likely  find  their 

way  into  the  environment  through  spills.  Phosphate  esters  can  be  hydrolyzed 
in  water  to  phosphoric  acids.  These  acids  form  complexes  in  surface  and  soil 
water  with  metals,  of  which  the  calcium  salt  is  soluble  in  water.  Phosphates 
occur  naturally;  however,  the  effect  on  biostimulation  of  the  aquatic  life  has 
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cauaed  restrlctlona  on  the  quantities  of  rhosphatea  allowed  to  be  released  in 
natural  water  sjrsteRis.  Typical  sources  of  phosphate  in  natural  and  soil  water 
aysteas  are  frosi  point  discharges i  particularly  municipal  sewage  treatment 
facilities,  and  through  fertilisation.  Phosphates  are  required  by  living 
systems  for  oietabollsm.  Orthophosphate  is  generally  considered  the  most 
bioavailable  form. 

B24.2  HAZABIIS 

B24.2.1  Htealth  Hasarda 

B24.2.1.1  Toxicity  -  Triorthorresyl  phosphate,  a  constituent  compound  in 
hydraulic  fluid,  is  known  to  be  toxic.  Some  hydraulic  fluids  contain 
polychlorobiphenyl  and  nltrosamlne  which  are  also  considered  toxic. 

B24.2.2  Fire  and  Combustion  Product  Hasarda 

Petroleum-based  hydraulic  fluids  are  highly  combustible.  A  typical  fluid  may 
have  a  flash  point  of  422  K  (300*F)  and  an  autoignition  temperature  of  533.2  K 
(500*F).  A  fine  mist  is  produced  when  oil  is  discharged  under  h/draulic 
pressure,  and  these  bum  rapidly  generating  large  quantities  of  heat.  The  Btu 
content  of  hydraulic  oil  la  37,630  NJ/m^  (135,000  Btu/gal)  or  41.9  MJ/kg 
(18,000  Btu/lb)  (Reference  6). 

B24.2.3  Explosion  Hasards 

There  are  no  explosion  hasards. 

B24.2,4  Environmental  Et facta 

Phosphate  esters  in  soil  and  water  systems  would  cause  a  stimulation  of 
aquatic  life,  or  a  fertilisation  effect.  The  impact  would  be  dependent  on  how 
easily  the  ester  could  be  converted  to  a  useable  fons  by  biota.  Phosphates 
would  be  carried  as  complexes  in  surface  waters.  Some  would  be  sorbed  intc 
sediments  and  taken  up  by  aquatic  life  but  the  majority  would  be  transported 
until  a  termination  point  such  as  the  sea  or  a  lake  is  reached.  Phosphates  in 
significant  concentrations  are  directly  responsible  for  lake  eutrophication 
through  biostimulation  of  aquatic  life. 

Synthetic  hydraulic  fluids  are  insoluble  in  water,  and  in  surface  water 
systems  would  be  expected  to  collect  in  an  upper  phase.  In  surface  water,  the 
fluids  would  sorb  on  plant  life  and  have  harmful  effects.  Eventually,  they 
may  be  slowly  biodegraded. 

B24.3  RESERVED 


B24.4  RESERVED 


B24.5.1  Materials 


The  prime  consideration  in  choosing  materials  for  use  with  hydraulic  fluids  is 
related  to  their  solvent  action  on  most  organic  matter.  Corrosion  associated 
with  hydraulic  fluids  at  ambient  temperatures  is  negligible  for  most  metals. 
Limitations  which  should  be  observed  are  outlined  in  this  section. 

B24.5.1.1  Metals  -  Comnon  ferrous  and  non-ferrous  alloys  are  suitable  for 
the  fabrication  of  containers  (fixed  or  mobile  drums  and  tanks),  associated 
piping  and  fittings,  pumping  equipment,  valves,  and  other  metal  parts.  Long 
term  storage  of  hydraulic  fluids  may  require  special  consideration  of 
compatible  metal  containers  and  associated  equipment  or  parts. 

Preferred  metals  for  usage  with  hydraulic  fluids  Include: 

Aluminum  alloys  -  1000,  3000,  5000,  6000  series 
Stainless  steel  -  300  series 

B24.5.1.2  Won-Metals  -  Listed  below  are  some  of  the  recommended  and 
prohibited  non-metals: 

RECOMMENDED  PROHIBITED 


Cork,  or  paper  gasket  Acrylics 

materials  designed  Polyisobutylenes 

for  this  service  Natural  Rubber 

Buna  N 

Fluorocarbons  (Teflon, 

Kel-F  Halon,  TFE) 

Polyamides 

Polyethylene 

Neoprene 

Vinyls 


B24.5.1.3  Lubricants  -  Graphite-base,  molybdenumdisulf ide,  some  silicone  and 
fluorocarbon  lubricants  may  be  used  with  some  hydraulic  fluids. 

Since  hydraulic  fluids  may  be  excellent  solvents  for  most  organic  matter, 
petroleum  lubricants  are  not  recommt  ided. 

Recommended  sealants  with  hydraulic  fluids  are: 

MIL-S-8802 
Babbit  No.  2 
Permatex  1  and  2 
X-Pando 

Seal-Rite  No.  5 
Q-Seal,  Teflon 

B24.5.2  Equipment 
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B24.5.2.1  Gonf itiera  -  Hydraulic  fluids  are  drunmed  or  stored  in  tanks  of 

approved  design  and  construction  which  may  be  either  permanent  or 
transportable.  See  DOT  regulations  for  container  requirements.  Portable 
containers  should  be  gas-right  (See  Venting,  Section  B24.5.2.7). 

B24.5.2.2  Pumps  -  Permanently  installed  pumps  in  main  storage  systems  may 
also  be  equipped  with  a  liquid  reservoir  to  serve  as  a  primer  for  the  pump 
used  to  empty  tank  cars,  trucks,  and  drums  not  equipped  with  bottom  outlets. 

B24.5.2.3  Lights  -  Temporary  portable  extension  cords  with  lights,  used  in 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
Mine  Safety  and  Health  Administration  (HSHA). 

Flash  lights  or  storage  battery  lamps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  MSHA  or  as  accepted  by  the  current  edition  of 
the  National  Electrical  Code  (Reference  7). 

B24.5.2.4  Pipes  and  Flttinsa  -  Pipes  and  fittings  for  liquid  hydraulic  fluid 
should  be  made  of  approved  materials  (See  Section  B24.5.1),  and  should  be 
hydrostatically  tested.  Threaded  connections  with  a  recosstended  sealing 
compound  are  permitted  for  this  service,  flanged  or  welded  connections  are 
preferred.  Top  loading  lines  should  extend  into  the  bottom  of  the  tank. 

B24.5.2.5  Hoses  i  Gaskets  -  Hoses  used  in  liquid  hydraulic  fluid  service 
Slay  be  constructed  of  materials  as  listed  in  Section  B24.5.1.2.  Gaskets  may 
be  made  of  any  of  the  following  materials: 

Comnercial  asbestos,  cork  or  paper  gasket  material 
Fluorocarbons  (Teflon  TFE,  Kel-F,  Halon,  TFE  or  equivalent) 

Neoprene 

Polyethylene 

Hoses  for  cryogenic  fluids  should  be  designed  and  engineered  for  this  service. 

B24.5.2.6  Valves  -  .eel  plug  valve  is  recosmended  as  the  most  suitable 
for  hydraulic  fluids. 

B24.5.2.7  Venting  Svsutims  and  Pressure  Relief  -  All  openings  in  the  storage 
system  should  terminate  outdoors  and  should  be  protected  by  approved  flaite 
arresters.  Vents  should  br  ^ized  according  to  the  specifications  given  in  the 
National  Fire  Codes.  All  •  nts  and  pressure-relief  systems  will  terminate  at 
a  height  and  location  that  will  give  adequate  protection  for  personnel  and 
buildings.  Vents  on  atmv  leric  tanks  should  be  of  the  pressure-vacuum  type 
to  avoid  collapse  of  tanks  when  withdrawing  fuel  and  to  relieve  pressure  when 
filling. 


B24.5.2.8  Grntmding  -  Since  hydraulic  fluids  are  flaiimable  and 
nonconduct ive,  all  stationary  or  mobile  tanks  should  be  bonded  and  grounded  to 
prevent  fuel  charging  static.  The  ground  resistance  should  be  monitored 
regularly  and  not  exceed  25  ohms. 
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CHAPTER  B25 
MERCURY 


B2S.1  PROPERTIES 
B25.1.1  Idantlflcation 

Mercury  is  identified  by  the  chemical  formula  Hg.  Its  molecular  weight  is 
200.59  g  mol.  It  is  also  known  as  quicksilver  (References  1  and  2). 

B25.1.2  General  Appearance  and  Common  Uses 

Mercury  is  a  silvery,  mobile,  and  odorless  liquid.  It  has  many  uses  in  the 
manufacture  of  chemicals,  batteries,  lamps,  gauges,  dental  flllingst  and  power 
tubes. 

B2S.1.3  Physical  and  Chemical  Properties  (Reference  3) 

The  specific  chemical  properties  for  mercury  are  listed  in  Figure  B25-1. 
B25.1,4  Solubility 

The  solubility  of  mercury  in  water  is  .002g/100g  water  at  293  K  (68*F). 

B25.1.5  Stability 
Mercury  is  stable. 

B2S.1.6  Reactivity 

Contact  of  mercury  with  acetylene,  acetylene  products,  or  ammonia  gases  may 
form  solid  products  that  are  shock  sensitive.  Mercury  attacks  most  transition 
metals  and  their  alloys.  An  exception  is  iron  which  is  useful  in  containing 
either  pure  mercury  or  its  waste  product. 

B25.2  HAZARDS 

B25.2.1  Health  Hazards 

B25.2.1.1  Toxicity  -  Metallic  mercury  is  a  mobile  silvery  slightly  volatile 
liquid.  Although  the  vapor  pressure  is  low,  dangerous  concentrations  can 
accumulate  in  confined  spaces.  Inhalation  of  mercury  vapor  can  cause 
headaches,  cough,  chest  pains  and  tightness,  and  difficulty  in  breathing.  It 
may  also  cause  pneumonitis,  soreness  of  the  mouth,  loss  of  teeth,  nausea,  and 
diarrhea.  Liquid  mercury  may  irritate  the  skin.  Repeated  or  prolonged 
exposure  may  cause,  in  addition  to  the  above,  shaking  of  the  hands,  eyelids, 
lips,  tongue  or  jaw,  allergic  skin  rash,  sores  in  the  mouth,  insomnia,  excess 
salivation,  loss  of  memory,  personality  change,  irritability,  indecision,  and 
intellectual  deterioration.  Kidney  damage  has  been  observed.  In  well  kept 
and  well-ventilated  areas,  exposure  to  mercury  vapors  should  present  no 
problem  under  ordinary  conditions.  When  mercury  is  spilled,  however,  the 
liquid  is  broken  into  many  fine  droplets,  which  tend  to  collect  in  crevices 
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and  undar  furnlttira  and  aqulpaMnt.  Unlaaa  thaaa  ara  aought  out  and  collactad, 
thay  repraaant  a  aourca  of  vapor  contaaiinatlon  which  will  ramain  for  laany 
■ontha,  and  can  aubatantially  incraaaa  tha  narcury  concantration,  aapacially 
in  poorly  vantilatad  araaa.  Subatantially  incraaaad  concantrationa  of  marcury 
can  ba  produced  whan  aiarcury  ia  haatadt  aa  in  a  fire,  or  by  contact  with 
haatad  aquipownt.  ate.  Application  of  finely  divided  aulfur  or  tha 
coaaarcially  available  aarcury  decontaaiinant ,  HgXi  will  ionobiliaa  tha  mercury 
by  fonaation  of  Mercury  Sulfide*  a  non-volatila  and  inaoluble  aolid  (Rafaraiica 

4). 


Paraonal  hygiene  ia  of  upamat  importance  in  working  with  and  handling 
mercury.  Since  mercury  can  be  abaorbed  through  the  akin*  extreme  care  ahould 
ba  taken  not  to  handle  mercury  or  merctu'/  contaminated  coaiponenta  directly. 
Kxpoaed  akin  ahculd  be  thoroughly  waehed  with  aoap  and  water  or  auitabla  hand 
cleaner  following  clean-up  procedurea.  Peraona  coming  in  contact  with  mercury 
should  not  smoke  until  hands  are  washed.  Clothing  on  which  mercury  has  been 
spilled  should  be  cleaned  of  visible  mercury*  then  removed*  double  bagged*  and 
dispoaed  of  as  oMreury  waste. 

825.2.1. 2  Threshold  Limit  Value-Time  Weighted  Avaraae  (TLV:rTWAi  -  The 
TLV-TWA  is  0.05  mg/ai^(Reference  5). 

B25.2.1.3  Exposure  Limits  -  Tha  OSHA  permissible  exposure  limit  (PEL)  for 
mercury  is  0.1  mg/m^. NIOSH  haa  recosmended  that  the  PEL  be  changed  to  0.05 
mg/m^  averaged  over  an  eight  hour  shift  (Reference  1). 

The  IDLE  value  for  mercury  ia  28  og/m^.  The  IDLH  value  is  ''immediately 
dangerous  to  life  or  'wealth*"  meaning  that  it  is  the  maximuai  level  from  which 
one  could  escape  in  30  minutes  without  escape-impairing  symptoms  or  any 
irreversible  health  effects  (Reference  6). 

B25.2.1.4  Special  Medical  Information  -  Mercury  can  enter  the  body  by 
inhalation,  skin  absorption,  ingeetlon  and  contact  with  skin  or  eyes.  It 
affects  the  skin*  respiratory  system*  central  nervous  system*  kidneys  and 
eyes.  Symptoms  include  cough*  chest  pain*  dyspnea*  bronchitis,  pneumonia* 
tremor*  insomnia,  irritation*  indecision,  headache*  fatigue*  weakness* 
stomatities,  salivation*  gastrointestinal  problems*  anorexia*  low  weight* 
protonuria,  irritated  eyes*  and  skin  irritation  (Reference  1). 

For  first  aid  information*  see  CPIA  394*  Appendix  E25. 

B25.2.2  Fire  and  Combustion  Product  Haaarda 

Mercury  Itself  is  not  combustible  and  does  not  have  hasardous  decomposition 
products.  However,  "contact  with  acetylene*  acetylene  products*  or  ammonia 
gases  may  form  solid  products  that  are  sensitive  to  shock  and  which  can 
initiate  fires  of  combustible  materials"  (Reference  1). 

B25.2.3  Explosion  Haaarda 

None. 
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B25.2.4  EnvirontMnt.al  Effacta 


Mercury  and  Ita  inorganic  compounds  have  little  effect  on  environmenc  being 
intrinsic  visitors  within  the  earth's  crust.  However*  introduction  of 
metallic  mercury  into  receiving  waters  either  by  spill  or  dissolution  by  acid 
rain  subjects  mercury  to  conversion  to  methyl  mercury  by  microorganisms  in  the 
bottom  of  sediment  of  lakes  and  rivers.  This  transformation  greatly  enhances 
both  bioavailability  and  toxicity.  Tlie  brain  is  the  target  organ  for  methyl 
mercury*  while  the  kidney  is  the  target  organ  for  inorganic  mercury.  Care* 
therefore*  should  be  taken  to  preclude  release  of  free  mercury  or  its  soluble 
compounds  into  the  environment  (Reference  7). 

B25.3  RESERVED 

B25.4  Efi&GES£D 

B25.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 

Mercury  is  corrosive  to  most  non-ferrous  metals  and  their  alloys  and  should  be 
excluded  from  spaces  where  micro  control  components  for  missiles  and 
satellites  are  exposed. 

Mercury  forms  explosive  compounds  with  acetylene  and  ammonia  and  sensitises 
such  compounds  as  chlorine  dioxide*  methyl  aside  and  sodium  carbide  into 
explosive  mixtures.  Mercury  salts  form  explosive  compounds  v.pon  contact  with 
nitromethane  (Reference  9). 
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CHAPTER  B26 

COMPRESSED  AMD  LIQUID  AIR 


B26.1  PROPERTIES 
B26.1.1  Identification 

Air  is  a  mixture,  the  composition  of  which  varies  with  the  altitude  at  which 
the  sample  is  taken.  Air  is  packaged  commercially  in  various  types  of 
cylinders  at  various  pressures.  The  specification  of  the  average  composition 
of  dry  air  at  surface  altitudes  is  shown  in  Table  B26-1.  It  will  condense 
into  a  bluish,  mobile  liquid  at  84  K  (-308*F)  (References  1,  2). 

Table  B26-1  Composition  of  Dry  Air  at  Surface  Altitudes 


MOLECUUK 

WEIGHT 

GAS 

MOLEX 

28.97 

Nitrogen 

78.084 

Oxygen 

20.946 

Argon 

.943 

Carbon  dioxide 

.033 

Rare  Gases 

.003 

(Neon,  Helium,  Krypton 

Hydrogen,  Xenon,  Radon) 

B26.1.2  General  Appearance  and  Common  Uses 

Air,  a  mixture  of  gases,  is  colorless  and  odorless.  It  is  a  source  of  oxygen, 
nitrogen,  and  rare  gases.  Liquid  air  is  a  bluish,  mobile  liquid.  Atmospheric 
air  is  used  in  air  conditioning  systems  and  cooling  of  hot  fluids  with  heat 
exchangers.  Air  is  the  source  of  oxygen  for  burning,  respiration  of  plants 
and  animals,  decay,  and  industrial  oxidations.  Liquid  air  is  used  in 
cryogenic  applications. 

B26.1.3  Physical  and  Chemical  Properties 

The  specific  chemical  properties  of  air  are  listed  in  CPIA  394. 

B26.1.4  Solubility 

Air  is  only  slightly  soluble  in  water. 

B26.1.5  Stability 
Air  is  stable. 

B26.1.6  Reactivity 

The  reactivity  of  air  is  due  to  its  content  of  oxygen.  Many  metals  are 
converted  to  oxides  when  they  are  heated  in  air.  Flammable  materials  and 
organic  matter  which  have  been  in  contact  with  liquid  air  may  explode  easily. 
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B26.2  aAZA&fiS 


B26.2.1  Health  Hagarda 

The  major  hazard  to  personnel  from  liquid  air  is  frostbite  due  to  skin  contact. 
B26.2.1.1  Toxicity  -  (Not  Applicable) 

B26.2.1.2  Exposure  Limits  -  (Not  Applicable) 

B26.2.1,3  Specific  Medical  Information  -  For  first  aid  information,  see  CPIA 
394,  Appendix  E26. 

B26.2.2  Fire  and  Combustion  Product  Hazards 
Flammable  raixttires  are  produced  with  fuels. 

B26.2.3  Explosion  Hazards 

Mixing  with  fuels  causes  a  dangerous  explosion  hazard.  Mixtures  of  frozen 
fuel  and  liquid  air  may  be  shock-sensitive. 

B26.2.4  Environmental  Effects 

Not  applicable. 

B26.3  RESERVED 

B26.4  RESERVED 

B26.4  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 

Liquid  air  is  classified  as  a  liquified  compressed  gas,  for  transfer  and 
storage  purposes,  and  must  be  handled  and  stored  in  fixed  or  mobile  containers 
of  approved  design,  materials,  and  construction. 

B26.5.1  Materials 

When  selecting  oiaterlals  for  liquid  service,  consideration  should  be  given  to 
physical  properties  at  low  temperature,  and  the  reactivity  of  the  Mterial 
with  liquid  air.  The  ability  to  withstand  stress  concentrations,  particularly 
those  resulting  from  sudden  temperature  changes,  is  important.  Fourteen 
percent  oxygen  in  air  siay  create  a  dangerous  fire  hazard  if  it  escapes  or 
leaks  into  combustible  materials.  Compressed  oxygen  in  compressed  air  in  the 
presence  of  oils  and  greases  may  cause  fire  (Reference  3).  Contact  with 
oxidizing  materials  may  cause  liquid  oxygen  in  liquid  air  to  explode 
(Reference  4). 

B26.5.1.1  Metals  -  Metals  to  be  used  in  liquid  air  eqtiipment  should  possess 
satisfactory  physical  properties  at  extremely  low  operating  temperatures.  The 
following  metals  are  recommended  for  service  with  liquid: 
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a.  Aluminum  and  aluminum  alloy  types 

1000  3000  5083  5454  6062 

2014  5050  5085  5456  6063 

2024  5052  5154  6061  7075 

b.  Stainless  steel  types 

304  316  304L 

310  321  304ELC 


c.  9  percent  nickel  steel  alloy 

d.  Copper  and  copper  alloys 

Copper  Aluminum  bronze 

Naval  brass  Cupro-nlckel 

e.  Nickel  and  nickel  alloys 

Nickel  Inconel-X 

Rene  41  Uastelloy  B 

K-Monel 


B26.5.1.2  Non-Metals  -  The  number  of  acceptable  non-metals  Is  small  due  to 
the  extremely  low  temperatures  encountered.  The  following  list  contains 
non-metals  known  tn  be  acceptable: 

Tetraf luoroethylene  polymer  (TFE,  Halon  TFE,  Teflon »  or  equivalent) 
Unplasticized  chlorotrif luoroethylene  polymer  (Kel-F,  Halon  CTF,  or 
equivalent ) 

Asbestos 

Special  silicon  rubbers 

B26.5.1.3  Lubricants  -  Some  petroleum  based  lubricants  could  be  used. 
Special  lubricants  such  as  the  fluorolubes  or  the  perf luorocarbons  are 
recommended. 


B26.5.2  Equipment 

B26.5.2.1  Containers  -  Liquid  air  should  be  stored  in  stationary  or  mobile 
tanks  of  approved  materials  and  construction.  Storage  and  shipping  drums  used 
for  other  propellants  are  not  to  be  used  in  this  service.  To  insure  against 
defects  in  materials  or  fabrication,  the  storage  tanks  should  be  tested  as 
required  by  the  provisions  of  applicable  ASME  or  DOT  specifications  for 
unfired  pressure  vessels  (Reference  5).  Materials  used  for  pressure  vessels 
operating  at  temperatures  less  than  244  K  (-20”F)  should  be  impact-tested  in 
accordance  with  Paragraph  UG-84,  Section  VTII,  of  the  ASME  Boiler  and  Pressure 
Vessel  Code  (Reference  5).  Containers  for  the  shipment,  storage,  and  transfer 
of  liquid  air  fabricated  in  accordance  with  any  standard  that  meets  pertinent 
structural  requirements.  Storage  containers  should  be  vacuum- jacketed;  the 
vacuum  space  may  contain  reflective  insulation  or  powders.  The  storage  tank 
itself  should  be  of  welded  construction  and  should  be  equipped  with  an 
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adequate  pressure-relief  system  (Section  B26.5.2.8).  Bottom  outlets  on 
storage  tanks  are  recommended ,  since  they  materially  simplify  the  transfer 
system  design  and  the  selection  of  pumping  equipment. 

826.5.2.2  Pumps  and  Hoses  -  Since  the  storage  tanks  may  be  designed  with 
bottom  outlets,  f looded-suction  centrifugal  pumps  may  be  used  when  gravity 
flow  is  not  applicable.  Only  pumps  and  shaft  seals  designed  for  liquid  air 
service  should  be  used.  Details  on  these  pumps  and  hoses  may  be  secured  from 
manufacturers  of  air  handling  equipment.  Hoses  should  be  of  proper  design  and 
engineered  specifically  for  liquid-air  service. 

B26.5.2.3  Lights  -  Temporary  portable  extension  cords  with  lights,  used  in 
inspecting  the  interior  of  containers,  should  be  of  a  type  approved  by  the 
Mine  Safety  and  Health  Administration  (MSHA). 

Flash  lights  or  storage  battery  lamps,  where  permitted  for  use,  should  be  of 
the  safety  type  approved  by  the  MSHA  or  as  accepted  by  the  current  edition  of 
the  National  Electrical  Code  (Reference  6). 

B26.5.2.A  Pipes  and  Fittings  -  The  pipes  and  fittings  should  be  of  approved 
material  and  construction,  and  should  be  hydrostatically  tested  at  specified 
pressures.  The  uses  of  welded  and  flanged  connections,  whenever  possible,  is 
recommended.  Threaded  connections  sealed  with  litharge  and  water  are 
permissible,  when  other  methods  are  not  feasible.  Threaded  connections  may 
also  be  sweated  with  soft  solder.  A  satisfactory  threaded  joint  seal  is 
produced  by  covering  pipe  threads  (except  for  first  three  threads)  with 
polytetraf luoroethylene  taps  before  making  up  connections. 

825.5.2.5  Gaskets  -  Gaskets  may  be  made  of  soft  metals  selected  from  those 
listed  in  Section  B26.5.1. 

B26.5.2.6  Pressure  Gauges  -  Liquid  air  equipment  should  be  monitored  with 
acceptable  LOX-clean  types  of  pressure  gauges  as  required.  In  order  to 
minimize  operator  reading  errors,  all  pressure  gauges  used  for  a  coasaon 
purpose  should  have  identical  scales.  Gauges  should  be  protected  with  blowout 
relief  backs  or  plugs. 

B26 >5.2.7  Valves  -  The  use  of  extended  stem  gate,  globe,  or  ball  valves 
provided  with  venting  devices  is  recommended. 

B26.5.2.8  Venting  Systems  and  Pressure  Relief  -  The  storage  container  itself 
should  be  equipped  with  a  bursting  disc  and  a  pressure-relief  valve  in 
parallel,  both  discharging  to  the  outdoor  atmosphere  through  an  adequately 
sized  vent  line.  The  insulated  area,  between  the  inner  and  outer  shells, 
should  be  equipped  with  either  a  rupture  disc  or  a  pressure-relief  device,  so 
that  pressure  cannot  build  up  and  rupture  the  vessel-  All  lines  and  vessels 
in  which  liquid  air  may  be  trapped  between  closed  valves  should  have 
pressure-relief  valves;  if  it  is  likely  that  the  relief  valve  may  freeze, 
rupture  discs  should  also  be  provided. 

B26.5.2.9  Grounding  -  Since  air  supports  combustion,  all  stationary  or 
mobile  tanks  should  be  properly  bonded  and  grounded. 
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CHAPTER  B27 
CARBON  DIOXIDE 


B27.1  PROPERTIES 
B27.1.1  Identification 

Carbon  dioxide  has  a  chemical  formula  of  CO2  and  molecular  weight  of  kk  g 
mol.  It  is  primarily  a  gas  but  it  can  be  a  liquid  or  solid. 

B27.1.2  General  Appearance  and  Common  Uses 

Carbon  dioxide  is  a  nonflammable,  colorless,  odorless,  slightly  acid  gas.  In 
high  concentrations,  it  has  an  acidic  taste.  It  is  used  in  the  carbonation  of 
beverages,  manufacture  of  carbonates,  in  fire  suppression,  in  refrigeration 
processes  and  as  propellant  in  aerosols. 

B27.1.3  Physical  and  Chemical  Properties 

The  physical  properties  for  carbon  dioxide  are  listed  in  Figure  B27-1. 

B27.1.A  Solubility 

Carbon  dioxide  is  soluble  in  water  (88  ml/100  ml  H2O)  at  101  kPa  (760  mm  Rb) 
at  293  K  (68*F).  It  is  more  soluble  at  higher  pressures.  It  is  less  soluble 
in  alcohol  and  other  neutral  organic  solvents. 

D27.1,5  ataMlity 

Carbon  dioxide  is  stable. 

B27.1.6  Reactivity 

Liquid  or  solid  carbon  dioxide  will  attack  some  forms  of  plastics,  rubber  and 
coatings.  It  is  absorbed  by  alkaline  solutions  with  the  formation  of 
carbonates . 

B27.2  HAZARDS 

B27.2.1  Health  Hazards 

B27.2.1.1  Toxicity  -  Carbon  dioxide  is  an  asphyxiant  and  can  also  paralyze 
respiratory  system  at  high  concentrations.  Symptoms  result  when  sufficiently 
high  concentrations  are  present  to  displace  oxygen  in  the  air  making  it 
insufficient  to  support  life.  The  symptoms  of  this  (asphyxia)  include 
headache,  dizziness,  shortness  of  breath,  muscular  weakness,  drowsiness,  and 
ringing  in  the  ears.  Removal  from  exposure  results  in  rapid  recovery 
(Reference  A). 
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B27.2.2  ExpoBure  lilnlta 


The  threshold  limit  value-time  weighted  average  (TLV-TWA)  for  CO2  is  5000 
ppn  (9000  mg/m^);  the  short  term  exposure  limit  (TLV-STEL)  is  15,000  ppm 
(27,000  mg/m^)  (Reference  5).  NIOSH  suggests  10,000  ppm  (18,000  mg/m^)  as 
the  10  hour  time  weighted  average  value  (TWA),  and  30,000  ppm  (54,000  mg/m^) 
as  the  10  minute  ceiling  value.  The  IDLH  is  given  as  50,000  ppm  (5X)  (90,000 
mg/m^)  (Reference  1). 

The  IDLH  value  is  "immediately  dangerous  to  life  or  health,"  meaning  that  it 
is  the  maximum  level  form  which  one  could  escape  in  30  uinutes  without 
escape-impairing  sjnnptoms  or  any  irreversible  health  effects. 

B27.2.3  Special  Medical  Information 

Carbon  dioxide  can  damage  the  body  due  to  inhalation  (asphyxiation)  and 
contact  with  the  solid  material.  Damage  by  inhalction  is  to  the  lungs  and 
cardiovascular  system.  Contact  with  the  skin  or  eyes  cause  frostbite. 
Symptoms  due  to  inhalation  include  headache,  dizziness,  restlessness, 
paralysis,  dyspnea,  sweat,  malaise,  increased  heart  rate,  elevated  blood 
pressure,  pulse  pressure,  coma,  asphyxia,  and  convulsions.  For  first  aid 
information,  see  CPIA  394,  Appendix  E27. 

B27.2.4  Fire  and  Combustion  Product  Hazards 

Carbon  dioxide  itself  is  not  combustible,  but  contact  with  chemically  active 
metals  such  as  sodium,  potassium,  or  hot  titanium  may  cause  fire.  It  also 
reacts  vigorously  with  (AL  +  Na202),  CS2O,  Mg(C2H5),  Li,  (Mg  -t- 
Na202),  K,  KHC2,  Na,  Na2C2,  NaK  alloy,  and  Ti  (Reference  6). 

B27.2.S  Explosion  Hazards 

Contact  with  reactive  metals  may  produce  a  violent  reaction.  Solid  carbon 
dioxide,  if  confined,  will  rapidly  build  up  extremely  high  pressures  as  it 
thaws  and  will  burst  most  containers. 

B27.2.6  Environmental  Effects 

B27.3  SfiSERVEB 

B27.4  RESERVED 

B27.5  MATERIAIg  AND  EQUIPMENT  COMPATIBILITY 

When  handling  or  storing  liquid  carbon  dioxide,  important  factors  must  be 
taken  into  account: 

a.  Liquid  or  solid  carbon  dioxide  is  extremely  cold,  and 

b.  it  is  an  asphyxiant. 

It  must,  therefore,  be  stored  in  fixed  or  mobile  containers  of  approved 
design,  materials  and  construction  and  suitably  housed. 
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The  installation  requirements  for  pressurized-gas  system,  are  very  stringent. 
Particularly  important  are  the  selection  of  materials  and  equipment,  the  use 
of  adequate  fabrication  procedures  and  proper  •aaintenance.  Personnel  assigned 
to  operate  these  systems  must  be  qualified  and  familiar  with  the  equipment  and 
proper  operating  procedures. 

B27.5.1  Materials 

When  subjected  to  the  temperature  extremes  of  liquid  carbon  dioxide  service, 
many  materials  undergo  a  marked  physical  change.  The  extent  of  the  change  for 
a  given  material  should  be  known  before  it  is  specified  for  Low  temperature 
use.  Metals  used  with  carbon  dioxide  should  be  able  to  withstand  impact  shock 
at  low  temperatures,  as  well  as  the  stresses  produced  by  the  extremely  low 
temperature  of  liquid  carbon  dioxide. 

The  prime  consideration  in  selecting  materials  to  be  used  with  high-pressure 
gases  is  their  strength.  Reactivity  or  corrosivity,  with  the  exception  of 
that  due  to  moisture  where  carbonic  acid  may  be  produced,  should  not  be  a 
problem  with  carbon  dioxide;  but,  it  is  a  consideration  in  the  maintenance  of 
purity  and  cleanliness  with  regard  to  the  end  use. 

B27.S.1.1  Metals  -  Ordinary  carbon  steels  and  most  ferritic  and  martensitic 
alloy  steels  are  unsuitable  for  liquid  carbon  dioxide  service  because  they 
lack  ductility  at  low  temperatures.  The  following  metals  are  satisfactory  for 
this  service: 

Austenitic  chrome-nickel  steels  nickel  steel  (9t) 
stainless  steel,  18-8  series  copper-silicon  alloys 

copper  Monel 

brass  aluminum 

bronze  shredded  lead 

titanium 

These  metals,  along  with  carbon  steels,  may  be  used  with  gaseous  carbon 
dioxide. 


B27.S.1.2  Non-Metals  -  Non-metal  materials  for  liquid  carbon  dioxide  service 
must  also  be  selected  to  withstand  low  temperatures.  The  following  nonmetals 
are  suitable  for  this  service  and  may  be  used  singly  or  in  any  combination: 

Tetraf luoroethylene  (TFE  Teflon,  TFE  Halon,  or  equivalent) 
Folychlorotrlf luoroethylene  (Kel-F,  Halon  CTF,  or  equivalent) 

Selected  types  of  graphite 

The  following  non-metals  are  suitable  for  use  with  gaseous  carbon  dioxide: 

s)mthetic  and  naturi.;  ubuers 

Teflon 

Kel-F 

DC-55 

FluoroJube  (LG-160) 
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B27.5.143  Lubrlcantfl  -  Materials  used  in  handling  carbon  dioxide  nmst  be 
free  of  grease,  oil  and  other  combustible  materials.  Use  special  lubricants, 
such  as  the  fluoro lubes  or  perf luorocarbons,  unless  aluminum  is  present. 

B27.5.2  Equipment 

B27.5.2.1  Containers  -  Liquid  carbon  dioxide  may  be  stored  in  stationary  or 
mobile  tanks  of  approved  materials  and  construction.  Gaseous  carbon  dioxide 
Slay  be  stored  and  shipped  in  cylinders  conforming  to  DOT  specifications. 
Storage  tanks  and  cylinders  should  be  tested  as  required  by  applicable 
provisions  of  the  ASMS  Unfired  Pressure  Vet Jel  Code  (Reference  10)  or  DOT 
specification  to  ensure  against  defects  in  siaterlals  or  fabrication. 

Materials  used  for  pressure  vessels  used  at  temperatures  lower  than  lUU  K 
(-2C*F)  should  be  impact-tested  in  accordance  with  Paragraph  UC-SA,  Section 
VIII,  of  Reference  10. 

Containers  for  shipping,  storing  and  transferring  liquid  carbon  dioxide  may  be 
fabricated  in  accordance  with  any  standard  which  meets  the  structural 
requirements  for  that  container.  The  storage  tank  itself  should  be  of  welded 
construction;  it  should  be  equipped  with  a  rupture  disc  and  a  pressure-relief 
valve  that  has  an  adequate  vent  line.  The  vents  should  discharge  to  the 
atmosphere . 

Storage  containers  for  carbon  dioxide  gas  should  coaiply  with  one  of  the 
following: 

a.  Designed,  constructed,  and  tested  in  accordance  with  appropriate 
requirements  of  the  ASMS  Boiler  and  Pressure  Vessel  Code,  Section 
VIII,  Unflred  Pressure  Vessels  (Reference  10). 

b.  Designed,  constructed,  tested,  and  maintained  in  accordance  with 
DOT  regulations  and  specifications. 

B27.5.2.2  Pumps  and  Hose  ••  Pumps  for  high-pressure  gaseous  carbon  dioxide 
service  should  be  designed,  fabricated,  and  installed  in  accordance  with  the 
pertinent  standards  and  codes. 

For  gaseous  carbon  dioxide,  flexible  hose  generally  conforms  to  military  or 
industrial  specifications.  Unless  otherwise  specified  in  the  governing  code, 
a  minimum  safety  factor  of  U  to  burst  is  required.  Flexible  hose  should  only 
be  employed  when  the  use  of  rigid  tubing  is  impractical.  The  hose  should  be 
of  minimum  length.  When  long  runs  are  unavoidable,  hose  reels  and  other 
protective  devices,  including  hold-down  weights  and  chain  ties  at  end 
connections,  should  be  incorporated. 

Hoses  for  liquid  carbon  dioxide  use  should  be  of  proper  design,  engineered 
specifically  for  this  service. 

B27.5.2.3  Lights  -  Any  lighting  which  meets  local  electrical  codes  will  be 
adequate  in  ar?as  where  carbon  dioxide  is  stored  or  transferred  (Reference  11) 
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B27.5.2.4  Plpea  and  Fittings  ~  The  pipes  and  fittings  should  be  of  approved 
oiateriala  and  construction  and  should  be  hydrostatically  tested  at  specified 
pressures.  The  use  of  welded  and  flanged  connections  is  reconnended  whenever 
possible.  Threaded  connections  are  permissible  when  other  methods  are  not 
feasible.  TFE  tape  thread  sealant  is  reconnended. 

Tubing  may  also  be  used  for  high-pressure  gaseous  carbon  dioxide  service. 
Tubing  connections  will  be  made  with  standard  AN  or  industrial  flared  fittings 
of  like  materials.  Stainless  steel  fittings  should  be  used  with  stainless 
steel  tubing  to  prevent  galvanic  action  of  dissimilar  metals.  The  fabrication 
of  pipe  or  tube  anchors •  hangers,  supports  ana  tie-downs  should  be  in 
accordance  with  the  American  Society  of  Mechanical  Engineers  requirements  for 
pressure  piping.  The  fabrication  techniques  and  selection  of  materials  for 
the  installation  and  testing  of  piping  systems  should  be  in  accordance  with 
the  ASME  codes.  All  high-pressure  systems  should  be  properly  marked  and 
identified. 


B27.5.2.5  Gaskets  -  Gaskets  may  be  made  of  the  materials  listed  in  Section 
B20.5.1.  In  high-pressure  systems,  “0"  rings  may  also  be  used.  Gaskets  may 
be  flanged,  serrated,  laminated,  corrugated,  or  ring- joint  types. 

B27.5.2.6  Pressure  Gauges  -  Liquid  carbon  dioxide  equipment  should  be 
monitored  with  pressure  gauges  of  approved  type  as  required.  Standard-type 
pressure  gauges  Incorporating  compatible  materials  will  be  used  in  gaseous 
carbon  dioxide  systems.  In  addition,  gauges  used  in  gaseous  carbon  dioxide 
systems  should  have  plastic  faces  and  blow-out  discs.  In  order  to  minimize 
operator  reading  errors,  all  pressure  gauges  used  for  a  common  purpose  should 
have  identical  scales. 

B27.5.2.7  Valvqs  -  Extended  stem  gate,  globe  and  ball  valve  are  satisfactory 
for  liquid  carbon  dioxide  service.  All  valve  packing  and  gaskets  should  be  of 
approved  materials. 

For  gaseous  carbon  dioxide  all  gate  and  globe  valves  63.5  (2.5  in)  in  size  and 
larger  should  be  of  the  outside-screw,  rising  stem  type,  whenever  this  is 
practicable;  valves  under  63.5  mm  (2.5  in)  may  be  of  the  inside-screw, 
rising-stem  type.  Plug  valves  may  be  used  instead  of  gate  or  globe  types. 

Plug  valves  for  high-temperature  service  should  be  designed  to  prevent  galling 
by  making  the  plug  and  the  valve  body  of  different  materials,  by  treating  the 
plug  to  give  it  different  physical  properties,  by  welding  hard-face  overlays 
to  the  surface,  or  by  using  special  mechanical  designs.  Every  valve  should  be 
plainly  marked  to  identify  the  gas  and  valve  function. 

£27.5.2.8  Venting  Systems  and  Pressure  Relief  -  When  the  maximum  allowable 
inlet  pressure  to  one  or  more  of  the  pressure-reducing  devices  is  greater  than 
the  piping  systems  maximum  allowable  operating  pressure,  one  or  more 
pressure-relief  or  other  safety  devices  should  be  included,  e.g.,  automatic 
shut-off  valves.  Suitable  protective  measures  should  be  taken  to  prevent 
injury  or  damage  resulting  from  the  discharge  of  gases  from  those  safety 
devices. 

The  relief  valves  should  have  a  combined  discharge  capacity  ensuring  that  the 
pressure  rating  of  the  lower  pressure  piping  system  will  not  be  exceeded  as 
the  result  of  an  equipment  failure,  for  instance,  the  pressure-reducing 
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valves.  The  relief  or  safety  valve  should  be  locked  next  to  the 

pressure- reducing  valve.  Pressure-reducing  and  relief  devices  should  conform 

to  the  valve  requirements  for  the  specified  service  conditions. 

All  lines  and  vessels  in  which  liquid  carbon  dioxide  may  be  trapped  between 
closed  valves  should  be  equipped  with  pressure  relief  valves.  Associated 
vessels  and  lines  must  also  be  equipped  with  rupture  discs  in  parallel  with 
the  relief  valve. 
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PROPERTY 

ENGLISH  UNITS 

SI  UNITS 

Sublimktion  Point 

.|00.3*P 

l•4.85  K 

FVeeiing  Point 

318.58  K 

Oensitjr  (Gm) 

0.171  Ib/ft* 

at  •100.9'P  and  14.7  peia 

3J14  lt(/m* 

at  104.85  K  and  lOI  kPa 

(Solid 

•7.51  Ib/H* 

at 'lOI^^P  and  14.7  peia 

1.583  M(/m* 
at  104.85  K  and  lOt  kPa 

Specific  Gr»»ity  •  Vapor 
(relative  to  STP  air) 

1.52 

1.52 

Critical  Denaitjr 

2t.*7  Ib/ft* 

0.484  M|/m* 

Critical  Presaure 

1071  psia 

7.383  MPa 
(absolute) 

Critical  Temperature 

«7.8*P 

304.3  K 

Vapor  Pressure 

I4.S00  psia 
at  .10«.3«P 

lOI  kPa 
at  104.65  K 

Coefficient  of  Kinematic 

Viscosity 

Absolute 

0.0148  centipoise 
at  70*P  and  14.7  psia 

1.48  X  10-*  Pa  s 
at  304.3  K  and  lOl  kPt 

Figure  B27-1  Physical  Properties  of  Carbon  Dioxide  (MW  »  kU  g  mol) 
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CHAPTER  B2B 
NITROUS  OXIDE 


B28.1  PROPERTIES 

Nitrous  oxide  has  a  minimum  purity  of  98. OX,  the  principal  impurity  being 
air.  Average  analysCis  show  a  purity  of  98.51.  It  is  also  known  as  "laughing 
gas"  and  sometimes  called  dlnltrous  oxide  monoxide.  It  is  shipped  as  a 
liquified  compressed  gas  under  its  own  vapor  pressure  of  about  5.14  MPa  (745 
psig)  at  294  K  (70*F)  (Reference  1).  The  molecular  weight  of  nitrous  oxide  is 
44.1  g  mol. 

B28.1.2  General  Appearance  and  Common  Uses  (References  1  and  2) 

Nitrous  oxide  is  a  colorless,  nonflammable,  nontoxlc  gas  with  a  slightly  sweet 
taste  and  odor.  It  is  used  chiefly  in  rocket  fuel  formulations  with  carbon 
disulfide. 

B28.1.3  Physical  and  Chemical  Properties  (References  1  and  2) 

Nitrous  oxide  is  nonflammable  but  will  support  combustion.  It  will  not 
combine  with  other  materials  at  ordinary  temperatures.  Dissociation  begins 
above  573  K  (572*F)  when  the  gas  becomes  a  strong  oxidizing  agent.  CPIA  394 
describes  the  physical  properties  of  nitrous  oxide. 

B28. 1.3.1  Solubility  (Reference  1)  -  Gaseous  nitrous  oxide  is  somewhat 
soluble  in  water  and  more  soluble  in  alcohol. 

B28.1.3.2  Stability  (Reference  2)  -  Gaseous  nitrous  oxide  is  chemically 
stable  at  room  temperature. 

B28.1.3.3  Reactivity  -  At  ordinary  temperature  nitrous  oxide  is  stable  and 
inreactive.  At  elevated  temperature  it  decomposes  into  nitrogen  and  oxygen 
and  becomes  an  oxidizer  and  supports  combustion.  Above  838  K  (1049*F),  the 
rate  of  decomposition  becomes  appreciable. 

B28.2  HAZARDS 

B28.2.1  Health  Hazards 

Nitrous  oxide  presents  no  significant  health  hazard. 

B28.2.1.1  Toxicity  -  Nitrous  oxide  is  nontoxic  and  nonirritating  and  is 
extensively  used  a  an  anesthetic  in  medicine  and  dentistry.  It  is  a  rather 
weak  anesthetic  and  must  be  inhaled  in  high  concentrations,  mixed  with  air  or 
oxygen.  When  inhaled  without  oxygen,  it  is  a  simple  asphyxiant.  Inhalation 
of  small  amounts  often  produces  a  type  of  hysteria;  hence  its  common  name, 
"laughing  gas"  (Reference  1). 


established.  (Oxygen  at  16-17  percent  by  volume  at  101  kPa  (760  mm  Hg)  total 
pressure  is  the  generally  accepted  minimum  for  a  work  environment.) 
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B28.2.1.3  Rm>rg»ncv  Exposure  Limita  -  None  established. 


B28.2.1.4  Special  Medical  Information  -  For  first  aid  information,  see  CPIA 
39A,  Appendix  E29.  Rapid  application  of  oxygen  may  reverse  the  effects  of 
severe  anoxia.  Nitrous  oxide  is  a  simple  asphyxiant,  and  consequently 
symptoms  are  derived  from  anoxia  (i.e.,  air,  hunger,  nausea,  vomiting, 
bewilderment,  loss  of  consciousness,  etc.). 

B28.2.2  Explosion  Hasards 

None  established.  Nitrous  oxide  is  a  strong  oxidising  agent.  Therefore,  it 
will  form  explosive  or  combustible  mixtures  with  any  fuel  (Reference  3).  If 
exposed  to  external  heating,  cylinders  containing  liquid  nitrous  oxide  may 
undergo  hydrostatic  pressure  rupture.  DOT  specification  cylinders  are 
therefore  fitted  with  safety  devices. 

B28.2.3  Eire  Haaarga 

None  established  (See  Section  B28.1.3). 

628.3  RESERVED 
B28.A  RESERVED 

B28.5  MATERIALS  AND  EQUIPMENT  COMPATIBILITY 
B28.5.1  Materials 

The  prime  consideration  in  selecting  materials  to  be  used  with  high-preasure 
gases  is  their  strength.  Reactivity  or  corrosivity  are  not  problems  with 
nitrous  oxide.  Maintenance  of  purity  and  cleanliness  is  important  for  end  use. 

B28.5.1.1  Metals  -  The  following  metals  are  suitable  for  use  with  gaseous 
nitrous  oxide: 

Austenitic  chrome-nickel  steels 

stainless  steel,  series  18-8 

copper 

brass 

bronze 

copper  silicon  alloys 

Monel 

aluminum 

shredded  lead 

carbon  steel 

B28.5.1.2  Nonmetals  -  The  following  nonmetals  are  suitable  for  use  with 
nitrous  oxide: 

synthetic  and  natural  rubbers 

Teflon 

Kel-F 

DC-55 

Fluorolube  (LG-160) 
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B28.3.1.3  Lubricants  -  If  nitrous  oxide  is  used  to  pressurize  oxidizer 
systems,  the  use  of  petroleum-base  lubricants  with  these  gases  is  prohibited. 
Lubricants  such  as  the  fiuorolubes  or  the  perf luorocarbons  are  recommended. 

The  fiuorolubes  should  not  be  used  with  aluminum. 

B28.5.2  Equipment 

B28.5.2.1  Containers  -  Storage  containers  should  comply  with  one  of  the 
following: 

a.  Designed,  constructed,  and  tested  in  accordance  with  appropriate 
requirements  of  the  ASME  Boiler  and  Pressure  Vessel  Code,  Section 
VIII,  Unfired  Pressure  Vessels  (Reference  6). 

b.  Designed,  constructed,  tested,  and  maintained  in  accordance  with 
DOT  regulations  and  specifications. 

B28.5.2.2  Pipes  and  Fittings  -  Either  pipe  or  tubing  may  be  used  for 
high-pressure  service.  Connections  for  piping  may  be  flange,  thread,  socket 
weld  or  butt  weld.  Tubing  connections  will  be  made  with  standard  AN  or 
industrial  flared  fittings  of  like  materials.  Stainless  steel  fittings  should 
be  used  with  stainless  steel  tubing  to  prevent  galvanic  action  of  dissimilar 
metals.  Welded  or  brazed  joints  are  preferred.  The  fabrication  of  pipe  or 
tube  anchors,  hangers,  supports  and  tie-downs  should  be  in  accordance  with  the 
American  Society  of  Mechanical  Engineers  (ASME)  requirements  for  pressure 
piping. 

The  fabrication  techniques  and  selection  of  materials  for  the  installation  and 
testing  of  piping  systems  should  be  in  accordance  with  the  ASME  codes. 
High-pressure  systems  should  be  properly  marked  and  identified. 

B28.S.2.3  Gaskets  and  Seals  -  In  high-pressure  systems,  "0"  rings  may  be 
used.  Gaskets  may  be  flange,  serrated,  laminated,  corrugated,  or  ring- joint 
types.  The  materials  listed  in  Sections  B28.5.1.1  and  B28.5.i..Z  may  be  used 
in  the  fabrication  of  gaskets  and  seals. 

B28.5.2.^  Valves  -  Wherever  practicable,  all  gate  and  globe  valves,  6.4  cm 
(2.5  in)  In  size  and  larger,  should  be  of  the  outside-screw,  rising-stem  type; 
valves  under  6.4  cm  (2.5  in)  may  be  of  the  inside-screw,  rising-stem  type. 

Plug  valves  may  be  used  instead  of  gate  or  globe  types.  Plug  valves  for  high 
temperature  service  should  be  designed  to  prevent  galling  by  making  the  plug 
and  the  valve  body  of  different  materials,  by  treating  the  plug  to  give  it 
different  physical  properties,  by  welding  hard-face  overlays  to  the  surface, 
or  by  using  special  mechanical  designs.  Every  "valve"  should  be  plainly 
marked  to  identify  the  gas  and  valve  function. 

B28.5.2.5  -  Flexible  hose  generally  conforms  to  military  or 

industrial  specifications.  Unless  otherwise  specified,  a  minimam  safety 
factor  of  4  to  burst  is  required.  Flexible  hose  should  only  be  employed  when 
the  use  of  rigid  tubing  is  impractical.  The  hose  should  be  Oa.  minimum 
length.  When  long  runs  are  unavoidable,  hose  reels  and  other  protective 
devices,  including  hold-down  weights  and  chin  ties  at  end  connections,  should 
be  incorporated. 
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Pumps  for  high-pressure  service  should  be  designed,  fabricated  and  installed 
in  accordance  with  pertinent  standards  and  codas. 

B28.5.2.6  Pressure  Gauges  -  Standard-type  pressure  gauges  incorporating 
compatible  materials  will  be  used  in  gaseous  nitrous  oxide  systems.  In  order 
to  minimize  operator  reading  errors,  all  pressure  gauges  used  for  a  common 
purpose  should  have  identical  scales.  In  addition,  all  gauges  should  have 
plastic  faces  and  blow-out  discs. 

B28.5.2.7  Ventirf  Systems  and  Safety  Relief  -  When  the  maximum  allowable 
inlet  pressure  to  one  cr  more  of  the  pressure-reducing  devices  is  greater  than 
the  piping  system's  maximum  allowable  operating  pressure,  one  or  more 
pressure-relief  or  ether  safety  devices  should  be  Included  (e.g.,  automatic 
shut-off  valves).  Suitable  protective  measures  should  be  taken  to  prevent 
Injury  or  dasiage  resulting  from  the  discharge  of  gases  from  those  safety 
devices . 

The  relief  valves  should  have  a  combined  discharge  capacity  ensuring  that  the 
pressure  rating  of  the  lower  pressure  piping  system  will  not  be  exceeded  as 
the  result  of  an  equipment  failure,  for  instance,  the  pressure-reducing 
valves.  The  relief  or  safety  valve  should  be  located  next  to  the  pressure 
reducing  valve.  Pressure-reducing  and  relief  devices  should  conform  to  the 
valve  requirements  for  the  specified  service  conditions. 
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C.O  INTRODUCTION 

Appendix  C  provides  system  descriptions  of  launch  vehicles,  upper  stage 
vehicles  and  satellite  vehicles  currently  in  use.  The  purpose  of  the 
system  description  data  are: 

(1)  To  provide  data  on  hazards  in  existing  vehicles. 

(2)  Identify  methods  of  hazard  control  used  in  existing  vehicles. 

(3)  Provide  system  description  data  to  be  used  in  submitting  new 
safety  documentation,  such  as  the  Accident  Risk  Assessment 
Report  or  Missile  Systems  Pre-Launch  Safety  Package. 

The  mission  scenarios  provided  for  each  vehicle  are  typical  missions. 
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SPACE  TRANSPORTATION  SYSTEMS  (STS) 


Cl.O  INTRODUCTION 

The  following  data  were  extracted  from  the  national  STS  Program  Document 
"Space  Shuttle  Data  for  Planetary  Mission  Radioisotope  Thermoelectric 
Generator  (RTG)  Safety  Analysis,"  JSC  08116,  Feb  15,  1985,  NASA,  L.B. 
Johnson  Space  Center,  Houston,  Texas  77058.  This  description  includes 
missions  carrying  Centaur  upper  stage. 

Cl.l  SPACE  TRANSPORTATION  SYSTEM  -  GENERAL  DESCRIPTION 

The  STS  consists  of  the  Shuttle,  a  variety  of  standard  payload  carrie’'S, 
ground  integration  and  launch  facilities,  and  groundbased  payload 
operations  control  centers.  The  ground  integration  and  launch  facilities 
consist  of  the  KSC  and  Vandenberg  Air  Force  Base  (VAFB)  complexes, 
although  the  latter  is  not  yet  operational  for  Shuttle  launches.  There 
are  three  groundbased  payload  operations  control  centers  located  at  the 
Jet  Propulsion  Laboratory  (JPL),  the  Goddard  Space  Flight  Center  (GSFC), 
and  the  Johnson  Space  Center  (JSC).  Communications  are  via  the  world-wide 
Space  Tracking  and  Data  Network  (STDN),  the  Tracking  and  Data  Relay 
Satellite  System  (TDRSS),  and  the  Orbiter  and/or  carrier  command  and  data 
handling  system.  Direct  payload  communication  is  also  possible.  The 
Orbiter  is  transported  between  ground  sites  such  as  Edwards  Air  Force  Base 
(EAFB)  and  KSC  atop  the  Shuttle  Carrier  Aircraft  (SCA),  a  modified  Boeing 
747  aircraft. 

The  Shuttle  Vehicle  consists  of  the  Orbiter,  the  External  Tank  (ET),  and 
two  Solid  Rocket  Motors  (SRM).  Figures  Cl-1  through  Cl-4  show  the  Shuttle 
Vehicle,  with  side,  top,  front,  and  back  views.  Figure  Cl-5  shows  the 
coordinate  systems. 

Cl. 2  SYSTEMS  DESCRIPTIONS,  HAZARDOUS  MATERIALS.  SCHEMATICS 
Cl. 2.1  Orbiter 

The  Orbiter  contains  the  following  subsystems:  structure*,  thermal 
protection,,  the  -mal  control;  main  propulsion;  orbital  maneuvering; 
reaction  control;  mechanical  (including  ET  separation);  auxiliary  power 
units;  hydraulic;  electrical  power;  power  reactant  storage  and 
distribution;  environmental  control  and  lif^  support;  purge,  vent,  and 
drain;  avionics;  guidance,  navigation,  and  control;  communications  and 
tracking;  and  data  processing  and  software.  Figures  Cl-6  through  Cl-9 
show  the  layout  of  the  Orbiter  and  many  of  the  parts  of  the  subsystems. 

Cl. 2. 1.1  Orbiter  Structure  -  Figures  Cl-10  through  Cl-13  .show  the 
Orbiter  structure.  Most  of  the  Orbiter  structure  is  of  conventional 
aluminum  construction  protected  by  Reusable  Surface  Insulation  (RSI). 
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Cl. 2. 1.2  Thermal  Protection  System  -  The  Thermal  Protection  System  (TPS) 
kkteps  the  oiiter  skin  of  the  Orbiter  airframe  from  becoming  too  hot  during 
both  ascent  and  reentry.  The  TPS  materials  are  attached  to  the  outside  of 
the  primary  structural  shall  of  the  Orbiter.  There  are  several  types  of 
TPS  materials;  the  type  used  depends  on  the  thermal  environment  at  that 
location. 

The  TPS  is  a  passive  system.  It  has  been  designed  for  ease  of  maintenance 
and  for  flexibility  of  ground  and  flight  operations  while  satisfying  its 
primary  function  of  maintaining  acceptable  airframe  outer  skin 
temperatures.  The  RSI  materials  are  of  three  types:  (1)  ceramic  LI-900, 
LI-2200,  and  FRCI-12  materials  used  for  HRSI  ard  LRSI;  (2)  Nomex  felt 
material  used  for  FRSI;  and  (3)  quilted  fibrous  silica  material  used  for 
AFRSI.  Figure  Cl-14  shows  the  TPS  materials  and  their  location  on  Orbiter 
103. 


Cl. 2. 1.3  Thermal  Control  System  -  The  Thermal  Control  System  (TCS) 

maintains  subsystems  and  componen*'s  "iLhin  specified  temperature  limits 
for  all  mission  phases,  including  prelaunch,  launch.  Earth  orbit,  entry, 
and  post-landing.  The  integrated  thermal  control  management  uses 
available  heat  sources  and  heat  sinks  supplemented  by  passive  thermal 
control  techniques.  Those  techniques  are  primarily  the  use  of  insulation, 
thermal  control  coatings,  and  thermal  isolation  to  attenuate  heat  transfer 
to  or  from  critical  spacecraft  compartments  and  hardware.  Supplemental 
heaters  ai'o  provided  as  required  when  these  methods  are  not  adequate  to 
provide  the  necessary  temperature  control. 

Cl. 2. 1.4  Main  Propulsion  System  -  The  main  propulsion  system  of  the 
Orbiter  includes  three  engines,  which  burn  for  about  eight  minutes  from 
just  before  lift-off  until  slightly  before  attaining  orbit.  The  rated 
(sea-level)  thrust  of  each  engine  is  375,000  pounds  at  sea  level  and 
490,000  pounds  in  vacuum.  The  engines  are  gimballed  for  steering.  The 
fuel  is  Liquid  Hydrogen  (LH2),  and  the  oxidizer  is  Liquid  Oxygen  (LOX). 

The  propellants  for  the  Main  Engines  (MEs)  are  in  the  ET. 

Each  Space  Shuttle  Main  Engine  (SSME)  is  a  reusable,  high-performance, 
liquid-propellant  rocket  engine  with  variable  thrust.  Three  engines  are 
clustered  on  each  Orbiter  vehicle.  The  nominal  engine  chamber  pressure  is 
3000  psia.  The  nozzle  exit  diameter  is  94  inches.  Each  engine  weighs 
approximately  6950  pounds.  The  nozzle  is  gimballed  with  hydraulic 
actuators  for  steering.  They  are  ignited  on  the  ground  prior  to  launch 
and  bv’-n  for  an  average  of  eight  minutes  during  the  vehicle  bocst  phase. 
Figure  Cl-15  shows  the  main  engines  and  the  propellant  feedlines  from  the 
ET. 


Cl. 2. 1.5  Orbital  Maneuvering  System  -  The  Orbital  Maneuvjring  System 
(OMS)  Includes  two  engines.  The  thrust  from  those  engines  carries  the 
Orbiter  int  orbit  after  the  main  engines  are  shut  down,  provides  for 
maneuvering  while  in  orbit,  and  retards  the  Orbiter  out  of  orbit  for 
reentry.  The  nominal  engine  chamber  pressure  is  125  Ib/in^.  The  rated 
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(vacuum)  thrust  of  each  engine  is  6000  pounds.  The  fuel  is 
monomethylhydrazine  (MMH),  and  the  oxidizer  is  nitrogen  tetroxide 

iUzOu)’ 

The  two  OMS  engines  are  mounted  in  pods  at  the  top  of  the  aft  fuselage, 
one  on  each  side  of  the  vertical  tail.  The  nozzles  are  gimballed  for 
steering,  with  electromechanical  actuators.  The  OMS  propellant  tanks  in 
the  two  pods  can  carry  enough  propellant  for  a  change  in  velocity  in  orbit 
of  1,000  ft/s  when  the  vehicle  carries  a  payload  of  63,000  pounds. 
Crossfeed  lines  connect  the  propellant  tanks  in  the  two  OMS  pods  so  that 
propellants  from  either  pod  can  run  either  engine.  Also,  the  Reaction 
Control  System  thrusters  can  burn  propellants  from  the  OMS  tanks.  Figure 
Cl-i6  shows  an  OMS  engine  pod,  which  also  contains  parts  of  the  RCS. 

Cl. 2. 1.6  Reaction  Control  System  (RCS)  -  The  RCS  of  the  Orbiter  includes 
Uh  thrusters  (38  primary,  6  vernier)  tor  attitude  control  and  three-axis 
translation  during  orbit  insertion  and  during  on-orbit  and  entry  phases  of 
the  Orbiter  flight. 

The  RCS  consists  of  three  propulsion  units,  one  in  the  forward  module  and 
one  in  each  of  the  aft  propulsion  pods.  All  modules  are  used  for  external 
tank  separation,  orbit  insertion,  and  orbital  maneuvers.  Only  the  aft  RCS 
modules  are  used  for  entry  attitude  control.  The  RCS  employs  38 
bipropellant  primary  thrusters  and  6  vernier  thrusters  to  provide  attitude 
control  and  three-axis  translation  during  the  orbit  insertion,  on-orbit, 
and  entry  phases  of  flight. 

The  RCS  propellants  are  N2O4  and  MMH,  The  design  mixture  ratio  of 
propellants  allows  the  use  of  identically  sized  propellant  tanks  for  both 
fuel  and  oxidizer.  The  nominal  propellant  capacity  of  the  tanks  in  each 
module  is  928  pounds  of  MMH  and  1477  pounds  of  N^O^.  An  interconnect 
between  the  OMS  and  the  RCS  in  the  aft  pods  permits  the  use  of  OMS 
propellant  by  the  RCS  for  on-orbit  maneuvers.  In  addition,  the 
interconnect  can  be  used  for  crossfeeding  propellants  between  the  right- 
and  left-hand  RCS  pods. 

The  thrust  of  each  primary  thruster  is  870  pounds  (in  vacuum),  and  the 
thrust  of  each  vernier  thruster  is  24  pounds  (in  vacuum).  Figure  Cl-17 
shows  the  RCS. 

Cl.2.1.7  Pressure  Tanks  -  The  Orbiter  carries  many  pressure  tanks. 

Table  Cl-1  lists  them,  and  Figure  Cl-18  shows  their  locations.  The  index 
numbers  on  the  table  refer  to  the  circled  numbers  on  the  figure. 
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Table  Cl-l  Pressure  Tanks  In  Orbiter 


Index 

Number 

(a) 

Contents 

Subsystem 

Maximum 

Operating 

Pressure, 

Ib/in^g 

Volume 

in^ 

No .  of 
Tanks 

Tank 

Material 

1 

Air  (Crew 

Caoin) 

ECLSS 

15 

4,363,000 

1 

Aluminum 

A1  loy 

2 

Ammonia 

ECLSS 

550 

3,024 

Titanium 

3 

Breathing 

Oxygen  (Not 
on  OV-099  or 
OV-lOt  Mis¬ 
sion  Kit  only) 

ECLSS 

3300 

8,181 

1 

Inconel 

with 

Kevlar 

Winding 

k 

Freon-21 

(CHCI2F) 

ECLSS 

230 

4,337 

2 

Aluminum 

5 

Helium 

FRCS 

4000 

3,008 

2 

Titanium 

with 

Kevlar 

Winding 

ARCS 

4000 

3,008 

2/Pod 

Titanium 

with 

Kevlar 

Winding 

OMS 

4875 

30,033 

1/Pod 

Titanium 

with 

Kevlar 

Winding 

MPS 

4500 

29,894 

7 

Titanium 

with 

Kevlar 

Winding 

MPS 

4500 

8,122 

3, 

Titaniiun 

with 

Kevlar 

Winding 

MPS 

850 

500 

2 

Titanium 

Table  Cl-l  Pressure  Tanks  in  Orbiter  -  Continued 


I 


Maximum 

Operating 

Index 

Pressure, 

Volume 

No .  of 

Tank 

Number  (a) 

Contents 

Subsystem 

lb/ in^g 

in^ 

Tanks 

Material 

6 

Hydrazine 

APU 

355 

11,375 

3 

Titanium 

(N2H4) 

7 

Hydraulic  Oil 

HYD 

3000 

98 

3 

Steel 

HYD 

135 

1,850 

3 

Aluminum 

HYD 

70 

98 

3 

Steel 

8 

Liquid  Hydrogen 

PRSD 

320 

36,972 

3-5 

Aluminum 

(LH2)(b) 

alloy 
pressure 
vessel 
and  out- 
shell 

9 

Liquid  Oxygen 

PRSD 

1035 

19,418 

3-5 

Inconel 

(L02)(b) 

pressure 

vessel 

and 

aluminum 

alloy 

outer 

shell 

10 

Monomethyl- 

FRCS 

350 

29,376 

1 

Titanium 

Hydrazine  - 

ARCS 

350 

29,376 

1/Pod 

Titanium 

OMS 

.  313 

155,520 

1/Pod 

Titanium 

11 

Nitrogen 

ECLSS 

3600 

8,181 

4 

Titanium 

with 

Kevlar 

Winding 

HYD 

3165 

113 

3 

Titanium 

OMS  (Eng) 

3000 

60 

2 

Titanium 

Table  Cl-l  Pressure  Tanks  in  Arbiter  -  Continued 


Maximum 

Operating 

Index 

Pressure, 

Volume 

No.  of 

Tank 

Number  (a) 

Contents 

Subsystem 

lb/ in^g 

in^ 

Tanks 

Material 

OMS  (Eng) 

450 

19 

2 

Titanium 

12 

Nitrogen 

FRCS 

350 

28,512 

1 

Titanium 

Tetroxide 

(N2O4) 

ARCS 

350 

28,512 

l/Pod 

Titanium 

OMS 

313 

155,520 

1/Pod 

Titanium 

13 

Water 

AFU 

35 

2,352 

1 

Titanium 

APU 

100 

435 

1 

Titaniiun 

HYD 

33 

4,546 

3 

Aluminum 

14 

Water  (Potable, 

ECLSS/ 

20 

6,600 

5 

Aluminum 

Waste,  &  Heat 
Transfer) 

ATCS 

15 

Oxygen 

SSME 

(POGO) 

ACCUM) 

le 

Halon  1301 

Fire  Ext 
(Port- 

575 

80 

3 

Steel 

able) 

Fire  Ext 

575 

87 

3 

Stainless 

(Fixed) 

Steel 

17 

Water/02 

.  EMU 

15 

277 

J 

Aluminum 

18 

O2 

EMU 

1050 

247 

6 

Stainless 

Steel 

EMU 

7400 

92 

6 

Inco  718 
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Cl. 2. 1.8  Mechanical  Systems  -  The  mechanical  subsystems  of  the  Orbiter 
operate  the  aerodynamic  control  surfaces,  landing/deceleration  system, 
vent  doors,  payload  bay  doors,  deployable  radiators,  payload  retention  and 
payload  handling  subsystems,  and  provide  for  disconnecting  propellant 
feedlines  between  the  Orbiter  and  the  ET  and  for  separating  the  Orbiter 
from  the  ET. 

Cl. 2. 1.9  Auxiliary  Power  Unit  (APU)  -  The  auxiliary  power  units  drive 
the  hydraulic  pumps.  The  units  work  by  decomposition  of  hydrazine 
(N2Hi,). 

Cl.2.1.10  Hydraulic  System  -  The  hydraulic  subsystem  provides  hydraulic 
po'.ver  for  many  of  the  mechanical  devices  in  the  Orbiter,  for  steering  the 
main  engines,  and  for  controlling  the  propellant  valves  in  the  main 
engines . 


Cl. 2. 1.11  Electrical  Power  System  -  The  electrical  power  system  supplies 
electricity  from  hydrogen-oxygen  fuel  cells.  The  power  reactant  storage 
and  distribution  subsystem  provides  hydrogen  and  oxygen  to  the  electrical 
fuel  cells  and  oxygen  to  the  Environmental  Control  and  Life  Support 
Subsystem  (ECLSS).  The  ECLSS  provides  a  habitable  environment  for  the 
crew.  The  purge,  vent,  and  drain  subsystem  provides  environmental  control 
of  the  Orbiter 's  unpressurized  structural  cavities,  which  include  most  of 
the  Orbiter  areas  except  for  the  crew  module.  The  avionics  subsystem 
includes  all  the  electronic  gear  in  the  Orbiter.  The  guidance, 
navigation,  and  control  subsystem  provides  guidance  coinnands  for  control, 
inertial  navigation,  and  automatic  and  manual  control  capability.  The 
communications  and  tracking  subsystem  provides  communication  between  the 
Orbiter  and  ground  stations,  the  Orbiter  and  released  payloads,  and  the 
Orbiter  and  the  Tracking  and  Data  Relay  Satellite  System.  The  data 
processing  and  software  subsystem  provides  computing  capability  for  the 
Orbiter. 

C 1 . 2 . 2  External  Tank  Systems 

The  External  Tank  (ET)  (see  Fig.  Cl-19)  supplies  the  Orbiter  main 
propulsion  system  with  Liquid  Hydrogen  (LH2)  and  Liquid  Oxygen  (LOX)  at 
prescribed  pressures,  temperatures,  and  flow  rates.  Both  the  LH2  and 
LOX  tanks  are  equipped  with  a  vent  and  relief  valve  to  permit  loading, 
pressurization,  and  pressure  relief  functions.  Tank  level  sensors 
transmit  propellant  loading  and  shutdown  signals.  The  ET  is  thermally 
protected  with  a  nominal  1-inch-thick  spray-on  foam  insulation  (SOFI), 
with  additional  SOFI  and  a  charring  super-lightweight  ablator  (SLA  561)  in 
places  to  withstand  localized  high  heating.  Since  the  ET  is  an  expendable 
element,  the  ET  subsystems  are  designed  for  single  usage  to  minimize  costs. 

The  ET  consists  of  a  forward  LOX  tank,  an  unpressurized  intertank,  and  a 
LH2  tank.  The  LOX  tank  (volume:  19,500  ft^)  is  an  aluminum  alloy 
monocoque  structure  composed  of  a  fusion-welded  assembly  of  preformed, 
chemmilled  gores,  panels,  machined  fittings,  and  ring  chords.  The  LOX 
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tank  is  designed  to  operate  at  a  no’ninal  pressure  range  of  20  to  22 
The  tank  contains  antislosh  and  antivortex  baffles  as  well  as  an 
antigeyser  system  to  control  conditions.  A  17-inch  diameter  feedline 
conveys  LOX  through  the  intertank  and  externally  aft  to  the  ET/Orbiter 
disconnect.  The  tank's  double  wedge  nose  cone  reduces  drag  and  heating 
and  also  serves  as  a  Lightning  rod. 

The  intertank  is  semimonocoque  cylindrical  vented  structure  with  stringer 
and  flanges  for  joining  the  LOX  and  LH2  tanks.  The  inter tank  contains 
the  Solid  Rocket  Booster  thrust  beam  and  fittings  that  distribute  SRB 
loads  to  LOX  and  LH2  tanks.  The  intertank  provides  an  umbilical  plate 
that  interfaces  with  a  ground  facility  arm.  The  umbilical  plate 
accommodates  purge  gas  supplyt  hazardous  gas  detection,  and  hydrogen  gas 
boil-off  during  ground  operations. 

The  LH2  tank  (volume:  53,518  ft^)  is  a  semimonocoque  structure 
composed  of  four  fusion-welded  barrel  sections,  five  beam  ring  frames,  and 
forward  and  aft  ellipsoidal  domes.  The  LH2  tank  is  designed  to  operate 
after  lift-off  at  a  nominal  pressure  of  32-34  psia;  the  lift-off  pressure 
is  40.9-44.1  psia.  The  tank  contains  an  antivortex  baffle  and  a  siphon 
outlet  to  transmit  propellant  to  the  ET/Orbiter  disconnect  through  a 
1 7-inch-diameter  line.  The  LH2  tank  has  provisions  for  the  ET/Orbiter 
forward  attach  strut,  two  ET/Orbiter  aft  attach  fittings,  the  thrust 
distribution  structure,  and  the  aft  SRB/ET  stabilizing  strut  attachments. 

To  reduce  the  ET  weight  and  thus  achieve  greater  payload  capability, 
certain  changes  have  been  made  to  the  original  ET  described  above.  These 
changes,  which  have  reduced  the  dry  weight  of  the  ET  by  over  6000  pounds, 
are  incorporated  in  the  lightweight  tank  (LWT)  version  of  the  ET.  The  LWT 
first  flew  on  STS-6  and  became  the  standard  version  from  STS-8  onward, 
after  STS-7  used  the  last  of  the  original-version  ETs.  Among  the  changes 
incorporated  in  the  LWT  were  the  elimination  of  five  LO2  slosh  baffle 
rings,  deletion  of  the  anti-geyser  line,  and  incorporation  of  helium 
inject  into  the  main  feed  line. 

The  ET  contains  the  Solid  Rocket  Motor  (SRM)  thrust  through  its  intertank 
and  provides  attach  structure  to  the  Orbiter  to  house  the  Space  Shuttle 
Main  Engines  (SSME).  At  lift-off,  the  ET  contains  1.55  million  pounds  of 
usable  propellant.  At  Main  Engine  Cutoff  (MECO),  the  ET  is  separated  from 
the  Orbiter  before  orbital  velocity  is  achieved.  The  ET  then  proceeds  on 
a  ballistic  reentry  path  for  a  safe  impact  in  the  ocean. 

The  ET  is  made  up  of  two  pressure  tanks.  The  LOX  tank,  at  the  forward  end 
of  the  ET,  is  made  of  aluminum  alloy.  Its  volume  is  33,696,000  in^ 

(19,500  ft^),  and  its  maximum  relief  pressure  is  25  psia.  The  larger 
LH2  tank  also  is  made  of  aluminum  alloy.  Its  volume  is  53,518  ft^. 

Besides  the  two  tanks,  there  are  feedlines  carrying  propellants  under 
pressure,  which  run  on  the  outside  of  the  ET  on  the  side  toward  the 
Orbiter.  Figure  Cl-19  shows  the  two  tanks  of  the  ET. 
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Cl. 2. 3  Solid  Rocket  Motors  (SRM) 


Two  SRMs  burn  in  parallel  with  the  Orbiter  main  propulsion  system  (MPS)  to 
provide  initial  ascent  thrust.  Primary  elements  of  the  booster  are  the 
motor,  including  case,  propellant.  Igniter,  and  nozzle;  strvictural 
systems;  separation,  operational  flight  instrumentation  (OFI),  and 
recovery  avionics;  separation  motors  and  pyrotechnics;  and  deceleration, 
range  safety  destruct,  and  thrust  vector  control  (TVC)  subsystems.  Each 
SRB  (steel-cased)  weighs  approximately  1.293  million  pounds.  The 
propellant  weight  for  each  is  about  1.1  million  pounds. 

Figure  Cl-20  shows  an  SRM.  Each  SRM  produces  2.9  million  pounds  of  thrust 
at  sea  level.  The  engines  are  gimballed  for  steering.  The  SRM  case  is 
segmented.  The  skirts  at  the  aft  end  of  the  SRMs  sit  on  the  mobile  launch 
platform  before  lift-off. 

Two  lateral  sway  braces  and  a  diagonal  attachment  at  the  aft  frame  provide 
the  structural  attachment  between  the  SRM  and  the  ET.  The  SRM  forward 
attachment  to  the  tank  is  by  a  single  thrust  attachment  at  the  forward  end 
of  the  forward  skirt.  The  same  forward  skirt  is  used  for  attaching  the 
main  parachute  riser  attachments. 

The  SRMs  are  released  from  the  ET  by  pyrotechnic  devices  at  the  forward 
thrust  attachment  and  the  aft  sway  braces.  Eight  separation  rockets  on 
each  SRM  (four  aft  and  four  forward)  separate  the  SRM  from  the  Orbiter  and 
tank. 

There  are  two  versions  of  the  SRM,  and  the  major  difference  between  them 
is  the  structural  material  of  the  Solid  Rocket  Motor  (SRM)  case  itself. 

The  initial  version  has  a  Steel  Case  (SC)  SRM;  the  second  version  will 
have  a  composite  Filament-Wound  Case  (FWC).  The  major  advantages  of  the 
FWC-SRM  is  its  lighter  weight  (about  30,000  lbs  less  than  the  SC-SRM)  thus 
making  possible  a  heavier  STS  payload.  However,  because  of  the  higher 
cost  of  the  FWC,  it  will  only  be  used  when  its  payload  advantage  is 
needed.  The  Centaur  planetary  missions  are  planned  to  use  the  steel  case 
SRMs. 

Overall,  the  SRM  (Fig.  Cl-21)  is  150  feet  long  and  is  148  inches  in 
diameter,  although  the  FWC  diameter  is  slightly  greater  because  of  its 
thicker  case.  The  inert  weight  of  SC-SRM  is  190,000  pounds,  which  is 
30,000  pounds  greater  than  the  FWC-SRM  (Fig.  Cl-22).  The  major  elements 
consist  of  the  structural  assemblies  (aft  skirt,  forward  skirt,  and  nose 
assembly)  and  the  four  SRM  segments.  The  parachutes  are  mounted  in  the 
nose  assembly,  electronics  in  the  forward  skirt,  and  the  TVC  system  in  the 
aft  skirt.  The  structural  assemblies  are  designed  for  40  uses,  the  SC-SRM 
for  20  uses,  the  electronics  and  TVC  hardware  for  20  uses,  and  the 
parachutes  for  10  uses.  The  FWC-SRM  is  designed  for  single  use  only, 
although  the  feasibility  of  reusing  it  is  under  study. 
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The  SRM  are  oast  and  delivered  to  the  launch  eite  in  four  segments.  The 
SC  segments  are  roll-formea  D6ac  steel  with  pinned  clevis  joint.s.  Two 
0-ring  seals  in  each  joint  provide  redundancy  tor  the  maintenance  of 
pressure  integrity.  The  design  and  fabrication  of  the  case  are  scaled-up 
versions  of  the  Titan  III  motor  cases.  Structural  design  factor  of  safety 
for  the  SC  is  1.4,  typical  of  man-rated  vehicles.  Only  the  four  straight 
cylindrical  sections  of  the  FWC-SRM  (Fig.  Cl-21)  are  actually  filament 
wound;  the  other  segments  are  steel  as  before.  The  materials  used  for  the 
FWC  are  Hercules  AS4W-L2K  graphite  fiber  (modulus  33x10^  psi),  and 
Hercules  HBRF-55A  resin  (bisphenol  A  epoxy,  1,  h  butanediol  epoxy,  and 
curing  agent  consisting  of  a  blend  of  methylene  dianilinc.  with  m-phenylene 
dianiline).  The  FWC  design  safety  factors  are  14  on  metal  parts  and 
membrane  structure  and  2.0  on  composites  at  joints  and  discontinuities. 

The  composite  propellant  is  a  proven  PBAN  propellant  used  in  the  Minuteman 
and  Poseidon  systems.  More  than  200  million  pounds  of  this  propeLiant 
have  been  produced.  The  propellant  is  vacuum  cast  and  case  bonded. 

The  SRM  nozzle  is  a  20%  submerged  omnidirectional  movable  nozzle.  The 
throat  diameter  is  54  inches,  and  the  diameter  at  the  end  of  the  exit  cone 
is  148  inenes.  The  nozzle  has  an  aft-pivoted  flexible  bearing  that 
provides  omniaxial  TVC  deflection  capability  of  +8  degrees.  All  metal 
parts  of  the  nozzle  are  designed  for  20  uses. 

The  aft  skirt  provides  attach  points  to  the  launch  support  structure  and 
support  to  the  Space  Shuttle  or.  the  Mobil  Launch  Platform  (MLP)  for  all 
conditions  prior  to  SRM  ignition.  The  aft  skirt  provides  aerodynamic 
protection,  thermal  protection,  and  mounting  provisions  for  the  TVC 
subsystem  and  the  aft  mounted  separation  motors.  The  aft  skirt  provides 
sufficient  clearance  for  the  SRM  nozzle  at  the  full  gimbal  angles.  The 
aft  skirt  kick  ring  provides  the  necessary  structural  capability  to  absorb 
and  transfer  induced  prelaunch  loads. 

The  aft  skirt  structure  assembly  is  a  welded  and  bolted  conical  shape,  146 
inches  in  diameter  at  the  top,  212  inches  at  the  bottom,  and  90.5  inches 
in  height.  It  is  configured  for  left-hand  and  right-hand  assemblies,  is 
fabricated  using  2219  aluminum  with  D6ac  steel  rings,  and  weighs 
arprovimately  12,000  pounds. 

The  forward  skirt  comprises  all  structure  between  the  forward  SRM  segment 
and  the  ordnance  ring.  It  includes  an  SR.M/ET  attach  fitting,  which 
transfers  the  thrust  loads  to  the  ET,  and  a  forward  bulkhead,  which  seals 
the  forward  end  of  the  skirt.  The  forward  skirt  provides  the  structure  to 
react  parachute  loads  during  deployment  and  descent  and  provides  an  attach 
point  for  towing  the  SRM  during  retrieval  operations. 

The  forward  skirt  is  146  inches  in  diameter  and  125  inches  in  height.  It 
consists  of  a  22? 9  aluminum  welded  cylinder  assembly  made  from  machined 
and  brake-formed  skin  panels  and  a  welded  thrust  post  structure.  The 
forward  skirt  weighs  approximately  6400  pounds. 
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The  ordnance  ring,  L46  inches  in  diameter,  provides  a  plane  for 
pyrotechnicalLy  separating  the  frustum  from  the  forward  skirt  during  the 
parachute  deployment  process.  The  ring  is  machined  from  a  2219  aluminum 
ring  forging  and  provides  mounting  provisions  for  the  linear-shaped  charge 
used  in  the  severance  function. 

The  frustum  houses  the  main  parachutes,  provides  the  structural  support 
for  the  forward  separation  motors,  and  incorporates  flotation  devices  and 
location  aids  (flashing  light  and  RF  beacon)  for  water  retrieval 
operations.  It  is  fabricated  using  machined  2219  aluminum  shear  beams, 
ring  fittings,  separation  motor  supports,  main  parachute  supports,  and 
7075  aluminum  formed  skins.  The  frustum  weighs  approximately  3800  pounds. 

The  nose  cap  houses  both  the  pilot  and  drogue  parachutes  and  is  separated 
from  the  furstum  by  three  pyrotechnic  thrusters  to  initiate  the  parachute 
deployment  sequence.  The  nose  cap  is  an  aluminum  monocoque  structure  with 
a  hemispherical  section  at  the  forward  end.  The  base  is  68  inches  in 
diameter  and  the  overall  height  is  35  inches.  The  structure  is  a  riveted 
assembly  of  machined  2024  aluminum  sheet  skins,  formed  ring  segments  and 
cap,  and  a  machined  separation  ring.  Its  weight  is  approximately  300 
pounds . 

The  systems  tunnel  is  located  outboard  on  each  booster  and  houses  the 
electrical  cables  and  linear-shaped  charge  of  the  range  safety  system. 

The  tunnel  provides  lightning,  thermal,  and  aerodynunic  protection  and 
mechanical  support  for  the  cables  and  destruct  charge  It  is  manufactured 
from  2219  aluminum  and  extends  from  the  forward  skirt  along  the  motor  rase 
to  the  aft  skirt.  The  tunnel  is  approximately  10  inches  wide  and  5  inches 
high.  Its  floor  plate  is  vulcanized  and  bonded  to  each  motor  segment  by 
Thiokol,  the  SRM  contractor.  The  overall  weight  of  the  systems  tunnel  is 
approximately  600  pounds. 

The  propellant  for  the  SRMs  is  a  co.Aposite-type  solid  propellant 
formulated  of  polybutadiene  acrylic  acid  acrylonitrile  terpolymer  binder, 
ammonium  perchlorate,  and  aluminum  powder.  A  small  amount  of  burning  rate 
catalyst  (iron  oxide)  is  added  to  achieve  the  desired  propellant  burning 
rate.  The  propellant  is  in  four  segments;  Figure  Cl-21  shows  the  segments 
and  their  lengths.  The  propellant  in  the  forward  segment  weighs  299,000 
pounds;  in  each  of  the  two  center  segments,  272,000  pounds;  and  in  the  aft 
segment,  266,000  pounds.  The  total  propellant  weight  in  both  boosters  is 
2,218,000  pounds.  Each  booster  provides  2.9  million  pounds  of  thrust  at 
sea  level. 

The  higher  thrust  level  required  duiing  the  lift-off  portion  of  the 
Shuttle  flight  results  from  increased  burning  surface  provided  by  the 
11-point  star  configuration  in  the  forward  segment.  After  the  lift-off 
portion  of  the  flight,  the  thrust  is  reduced  with  burnout  of  the  starred 
section.  The  thrust  progress  is  slighter  after  52  seconds.  Reduced 
vehicle  acceleration  is  achieved  by  burning  out  the  aftmost  portion  of  the 
aft  segment  and  by  the  programmed  burnout  of  slivers  in  all  four  segments. 
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The  nozzle  of  the  SEIM  is  gL'iiballed  for  steering  with  hydraulic  actuators. 
The  hydraulic  power  supply  for  the  TVC  subsystem  consists  of 
hydrazine-fueled  auxiliary  power  units  on  each  SEIM.  The  SRM  TVC  subjystem 
works  in  conjunction  with  the  TVC  system  for  the  Orbiter  main  engines  and 
provides  the  preponderance  of  gimbal  authority  for  the  Shuttle  during  the 
first  stage  flight.  Pitch,  roll,  and  yaw  commands  are  provided  by  the 
Orbiter  flight  control  system. 

Each  SRM  carries  several  pressure  tanks,  which  are  parts  of  the  hydraulic 
power  supply  systems  of  the  SRM.  Two  tanks  on  each  booster  hold 
hydrazine,  the  fuel  for  the  auxiliary  power  units.  Figure  Cl-23  shows  a 
hydrazine  tank  ca  an  SRM  as  part  of  the  TVC  subsystem,  and  Figure  Cl-21 
shows  the  location  of  the  TVC  subsystems  on  an  SRM. 

The  forward  section  provides  room  for  the  SRM  electronics,  recovery  gear, 
range  safety  destruct  system,  and  forward  separation  rockets.  The 
parachute  deceleration  subsystem  consists  of  a  pilot  parachute,  a  ribbon 
drogue  parachute,  and  three  ribbon  main  parachutes. 

Cl. 2. 4  SRM/ET  Separation 

On  a  nominal  flight,  the  solid  rocket  motors  will  separate  from  the  tank 
about  two  minutes  after  lift-off. 

Basically,  the  way  of  separating  the  SRMs  from  the  ET  is  to  fracture  four 
separation  bolts  on  each  booster  and  to  propel  the  SRMs  from  the  ET  by 
eight  solid  rocket  thrusters  on  each  booster.  Figure  Cl-i4  shows  the 
separation  bolts  and  separation  thrusters. 

The  solid  propellant  thrusters,  four  forward  and  four  aft  on  each  SRB, 
propel  the  boosters  away  froiii  the  ET.  Each  solid  propellant  thruster 
gives  a  23,000-pound  thrust. 

Cl. 2. 5  ET/Orbiter  Separation 

The  method  used  to  separate  the  Orbiter  from  the  ET  is  to  fracture  one 
bolt  and  eight  nuts  in  order  to  sever  structural  and  umbilical  connections 
and  to  use  the  RCS  to  propel  the  Orbiter  away  from  the  tank.  Figure  Cl-25 
shows  the  separation  mechanism. 

The  forward  attachment  between  the  orbiter  and  the  ET  is  a  spherical 
bearing  with  an  attach-bolt.  Firing  either  of  two  pressure  cartridges  on 
the  bolt  will  break  it.  There  are  two  structural  attachments  aft,  one  on 
the  left  and  one  on  the  right.  Firing  either  of  two  pressure  cartridges 
on  each  attach-bolt  will  break  the  frangible  nut  and  release  the  bolt. 
There  are  two  umbilical  attachments  aft,  one  on  the  left  and  one  on  the 
right.  Each  attachment  contains  three  attach-bolts ,  and  firing  either  of 
two  pressure  cartridges  on  each  bolt  will  break  the  frangible  nut  and 
release  the  bolt. 
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C 1 . 2 . 6  Command  Destruct  Systam 


The  range  safety  command  destruct  system  allov/s  the  intentional 
destruction  of  the  SRMs  and  ET  if  the  flight  deviates  too  far  from  the 
nominal.  Linear  shaped  charges  (LSCs)  can  split  the  two  tanks  in  the  ET 
and  can  split  the  cases  of  the  boosters  on  command. 

The  systems  for  the  three  elements  lone  ET  and  two  SRMs)  are  connected  so 
that,  if  either  SRM  receives  the  destruct  signal,  all  three  receive  it. 

The  system  in  each  element  is  redundant  to  assure  reliability. 

On  the  ET,  one  LSC  is  on  the  LOX  tank,  and  the  other  is  on  the  LH2 
tank.  The  charges  sit  in  the  cable  trays  on  the  outside  of  the  tanks. 

The  charge  for  the  LOX  tank  is  about  8  feet  long,  and  for  the  LH2  tank, 
about  20  feet  long,  in  two  10-foot  sections.  Figure  Cl-26  shows  the 
position  of  the  charges  on  the  ET;  the  destruct  charges  are  on  the  side 
toward  the  Orbiter. 

On  each  SRM,  the  LSC  is  about  80  feet  long,  in  six  160-inch  sections.  The 
destruct  charges  sit  in  the  cable  trap's  on  the  outside  of  the  booster  case 
on  the  side  away  from  the  ET.  The  destruct  charges  would  split  the  case, 
allowing  the  chamber  pressure  to  drop  sharply  to  terminate  thrust.  Figure 
Cl-27  shows  the  position  of  the  destruct  charge  on  an  SRM. 

Electronically,  each  of  the  SRMs  and  the  ET  carry  a  comnuind  destruct 
receiver  which  will  receive  the  arm  and  destruct  signal  from  the  ground 
station.  Electronically,  the  three  independent  systems  are  cross-strapped 
so  that  a  signal  received  by  one  can  initiate  destruct  action  on  the  other 
two  systems  as  long  as  normal  separation  has  not  occurred.  The  SRMs  carry 
two  receivers  each,  and  the  ET  has  one.  After  Inadvertent  separation  of 
one  or  both  of  the  SRMs,  destruct  action  could  still  be  initiated  on  the 
separated  solids  and  the  ET  unless  the  system  is  damaged.  All  three  would 
receive  the  signal  and  respond  unless  SRM  separation  is  normal,  in  which 
case  the  destruct  systems  on  the  SRMs  are  safed  prior  to  separation. 

Cl. 2. 7  Range  Safety 

Range  safety  at  the  Eastern  Space  and  Missile  Center  (ESNC)  is  based 
primarily  on; 

1.  Range  Safety  Manual  Volume  1.  AFETRM  127-1,  Air  Force  Eastern  Test 
Range,  September  1,  1972. 

This  manual  defines  in  detail  the  requirements  and  procedures 
necessary  for  obtaining  range  safety  approval  for  missile  and  space 
vehicle  operations  at  ESMC;  this  range  safety  approval  derives  from 
satisfactory  review  from  the  combined  efforts  of  ESMC/SEO  ,  SEM  and 
SEY  (Missile  Flight  Control  Division,  Missile  Systems  Safety 
Division,  and  Missile  Flight  Analysis  Division),  under  direction  of 
the  Director  of  Safety,  ESMC/SE.  In  general,  SEO/SEY  are  concerned 
from  lift-off  to  orbital  insertion  while  SEM's  concerns  start  prior 
to  lift-off  through  orbital  insertion,  or  after  inadvertent 
mainland  impact. 
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2.  Conci  B.K.:  Tut  United  .States  Air  Force  Eastern  Test  Kange,  Range 
Instrumentation  Handbook.  AFETRM-TR-‘’6-04,  Julyl,  1976, 

This  handbook  describes  the  major  instrvunentation  systems  now 
operating  on  the  ESMC,  and  also  briefly  discusses  the  equipment, 
operation,  and  performance  of  each  system,  including  the  K.inge 
S.ifoty  System  (RSS). 

Cl. 3  MISSION  SCENARIO 

The  basic  mission  of  Space  Shuttle  is  to  be  a  space  transport,  carrying 
payloads  into  space  and  returning  to  Earth  for  another  Load.  What  happens 
to  the  payloads  in  space  depends  on  the  mission.  On  some  missions  the 
payload  is  released  into  orbit.  On  other  missions  the  payload  is  a 
spacecraft  and  an  upperstage  rocket;  the  rocket  boosts  the  spacecraft  into 
another  orbit  or  into  an  Earth-escape  trajectory.  On  a  third  kind  of 
mission,  the  payload  stays  in  the  Shuttle  Orbiter  and  is  carried  back  to 
Earth.  On  yet  a  fourth  kind  of  mission,  the  Orbiter  crew  retrieves  a 
satellite  already  in  orbit  and  returns  it  to  Earth. 

Figure  Cl-28  shows  the  basic  mission  cycle.  It  starts  with  the  launch  of 
the  Shuttle  Vehicle  (with  the  SRBs  and  the  Orbiter  main  engines  firing). 
After  approximately  two  minutes,  at  about  26  miles  altitude,  the  SRBs  are 
jettisoned  and  fall  back  to  Earth  for  recovery.  After  approximately  eight 
minutes  of  flight,  before  the  Orbiter  attains  orbit,  the  main  engines  are 
shut  down,  and  the  ET  is  separatea  and  falls  back  to  Earth  for  oceanic 
termination.  The  orbital  maneuvering  system  engines  thrust  the  Orbiter 
into  orbit.  The  mission-dependent  orbital  operations  then  ensue  and,  on 
their  completion,  the  Orbiter  returns  to  Earth  to  be  made  ready  for  its 
next  flight. 

Cl. 3.1  Operation  Cycle 

This  section  describes  the  operation  of  the  Shuttle  Vehicle.  One 
operation  cycle  extends  from  when  the  Orbiter  lands  to  finish  one  mission 
until  it  lands  again  to  finish  the  next  one.  The  cycle  covers  grou.nd 
preparation,  launch,  ascent,  orbit,  and  return.  Figure  Cl-28  shows  the 
entire  cycle. 

The  ground  preparations  proceed  in  five  phases:  landing;  safing, 
maintenance,  and  checkout;  premate  preparation;  Shuttle  assembly;  and 
prelaunch.  The  ultimate  goal  of  the  Shuttle  program  is  to  reduce  the 
preparation  time  to  160  hours  over  a  two-week  period. 

The  move  to  the  launch  pad,  connecting  interfaces,  servicing,  checkout, 
and  launch  are  planned  to  take  a  minimum  of  2U  working  hours.  The  system 
is  designed  to  be  capable  of  launch  within  two  hours  after  starting  the 
tanking  of  fuels  and  oxidizers. 
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Loading  the  propellants  into  the  ET  will  begin  8.5  hours  before  launch. 
This  operation  commences  with  line  chilling  and  progresses  to  slow  fill, 

fast  fill,  and  topping.  Because  topping  of  the  ET  LH2  tanks  is 

essentially  complete  several  hours  before  launch,  it  is  necessary  to  keep 
replenishing  these  tanks  until  a  few  minutes  before  launch. 

After  a  successful  check,  the  flight  crew  will  enter  the  Orbiter 
(approximately  three  hours  before  launch).  The  ground  control  will  end  31 

seconds  before  launch  when  automatic  sequencing  of  events  from  the  Orbiter 

will  begin. 

The  launch  part  of  the  operation  cycle  includes  five  principal  events: 
ignition  of  the  main  engines;  sending  the  signal  to  ionize  the  SRBs; 
lift-off;  clearing  the  tower;  and  the  passage  of  the  instantaneous  impact 
point  beyond  shallow  water.  The  main  engines  are  started  by  commands  from 
the  orbiter  onboard  computers  beginning  at  4.6  seconds  before  lift-off, 
using  a  staggered  start  sequence  (Engines  3,  2,  and  1  started  sequentially 
in  that  order  at  120  millisecond  intervals).  When  the  computers  in  the 
Orbiter  determine  that  all  three  main  engines  are  operating  normally  with 
a  least  90%  of  rated  thrust,  the  computers  send  the  signals  to  start  the 
SRBs.  These  signals  are  sent  40  milliseconds  before  lift-off.  Once  the 
solids  light,  lift-off  will  occur  with  the  solids  and  the  main  engines 
running.  After  approximately  seven  seconds  of  flight,  the  vehicle  will 
clear  the  tower;  and  after  approximately  34  seconds  of  flight,  the 
instantaneous  impact  point  will  be  over  water  at  least  20  fathoms  deep. 

The  ascent  part  of  the  operations  cycle  includes  several  important  events 
for  nuclear  safety  analysis.  The  dynamic  pressure  on  the  vehicle  will 
grow  quite  rapidly  to  be  about  650  psf  after  about  40  seconds  of  flight, 
will  hold  at  a  peak  of  approximately  705  psf  between  50  and  60  seconds, 
and  then  will  decline  sharply  to  about  50  psf  by  the  time  the  SRBs  burn 
out  (about  119  seconds  into  the  flight).  Once  the  solids  burn  out 
(signaled  by  the  drop  of  the  solid-motor  chamber  pressure  to  below  50  psf) 
they  will  be  jettisoned  and  will  fall  clear  of  the  Orbiter  and  ET  after 
about  128  seconds  of  flight.  The  SRBs  are  lowered  by  parachutes  into  the 
ocean  and  are  recovered  and  returned  to  the  launch  site  for  recycle. 

After  the  solids  fall  away,  the  Orbiter  and  ET  will  continue,  propelled  by 
the  main  engines. 

After  about  500  seconds  of  flight,  the  main  engines  will  be  shut  down; 
soon  afterwards,  the  ET  will  be  released  to  break  up  and  fall  into  the 
ocean.  Approximately  one  or  two  minutes  after  main  engine  cutoff  the  QMS 
engines  in  the  Orbiter  will  be  started  for  a  short  burst  to  propel  the 
vehicle  to  orbit  altitude.  After  the  Orbiter  has  coasted  uo  the  desired 
altitude,  it  will  be  leveled  using  the  RCS,  and  the  OMS  engines  will  be 
fired  again  to  circularize  the  orbit. 
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The  orbit  part  of  the  operation  cycle  may  differ  considerably  from  one 
mission  to  another.  For  some  missions,  the  crew  will  deploy  or  retrieve  a 
satellite  and  return  to  Earth  in  one  revolution.  For  other  missions,  the 
Orbiter  will  stay  in  space  as  long  as  30  days.  For  the  Galileo  and 
Ulysses  m'-ssionr,  the  orbital  part  will  include  releasing  the  spacecraft 
and  the  Centaur  upper  stage,  moving  some  distance  away,  staying  in  orbit 
for  several  hours  while  the  crew  eats  and  sleeps,  and  then  preparing  to 
return  to  Earth.  The  typical  time  profile  for  the  Centaur  planetary 
missions  from  lift-off  to  cargo  deployment  is  shown  in  Table  Cl-2. 


Table  Cl-2  Typical  Centaur/Planetary  Mission  Event  Timeline 


Event 

Time  (Hr:Min:Sec) 

SSME  Ignition 

-0:00:06.6 

SRB  Ignition  Conunand 

0:00:00 

First  Motion/Lif t-Off 

0:00:00.24 

Begin  Roll  Program  (V=125  fps) 

0:00:07 

End  Roll  Program  (V=300  fps) 

0:00:15 

Begin  First  Throttle  Down  (7=428  fps) 

0:00:20 

Begin  Second  Throttle  Down  (V=716  fps)  (Optional) 

0:00:31 

Begin  Throttle  Up  (V=1599  fps) 

0:01:08 

SRB  Separation 

0:02:05 

3G  Throttling  Begins 

0:07:39 

MECO  Command 

0:08:34 

Zero  Thrust 

0:08:40 

ET  Separation 

0:08:52 

OMS-1  TIG 

0:10:34 

OMS-1  Cutoff 

0:13:22 

OMS-2  TIG 

0:46:10 

OMS-2  Cutoff 

0:48:29 

Open  Payload  Bay  Doors 

1:15:00 

IMU  Realinement 

3:00:00 

Meal 

4:00:00 

Centaur/Spacecraf t  Checkout 

5:00:00 

Centaur  Deploy 

6:40:00 

Centaur  Engine  Ignition 

7:20:00 
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The  return  part  of  the  operation  cycle  includes  firing  the  OMS  engines  to 
retard  the  Orbiter  out  of  orbit  to  glide  down  for  a  landing. 

Following  the  completion  of  orbital  operations,  the  Orbiter  is  oriented  to 
a  tail-first  attitude.  After  the  OMS  provides  the  deceleration  thrust 
necessary  for  deorbiting,  the  Orbiter  is  reoriented  nore-forward  to  the 
proper  attitude  for  entry.  The  orientation  of  the  Orbiter  is  established 
and  maintained  by  Reaction  Control  System  (RCS)  so  that  the  atmospheric 
density  is  sufficient  for  the  pitch  and  roll  aerodynamic  control  surfaces 
to  be  effective  (about  250,000  feet  altitude  and  26,000  ft/s  velocity). 

The  yaw  RCS  remains  active  until  the  vehicle  reaches  an  angle  of  attack  of 
about  10  degrees  (about  80,000  feet  altitude). 

The  Orbiter  entry  trajectory  provides  lateral  flight  range  to  the  landing 
site  and  energy  management  for  an  unpowered  landing.  The  trajectory, 
lateral  range,  and  heating  are  controlled  through  the  attitude  of  the 
vehicle  by  angle  of  attack  and  bank  angle.  The  angle  of  attack  is 
established  at  38  degrees  for  the  theoretical  entry  interface  of  400,000 
feet  altitude.  The  entry  flightpath  angle  is  -1.19  degrees.  The  38 
degree  attitude  is  held  until  the  speed  is  reduced  to  21,200  ft/s  (about 
220,000  feet  altitude),  is  then  reduced  gradually  to  28  degrees  at  17,200 
ft/s  (about  190,000  feet  altitude);  it  is  held  at  28  degrees  until  speed 
is  reduced  to  8500  ft/s  (about  150,000  feet  altitude)  and  then  reduced 
gradually  to  6  degrees  where  the  speed  is  about  1500  ft/s  (about  70,000 
feet  altitude)  at  the  beginning  of  Terminal  Area  Energy  Management  (TAEM). 

During  the  final  phases  of  descent,  flightpath  control  is  maintained  by 
using  the  aerodynamic  surfaces.  TAEM  is  initiated  to  provide  the  proper 
vehicle  approach  to  the  runway  with  respect  to  position,  energy,  and 
heading.  Final  touchdown  occurs  at  an  angle  of  attack  of  about  16 
degrees.  The  maximum  landing  speed  for  a  32,000-pound  payload,  including 
dispersions  for  hot  day  effects  and  tailwinds,  is  about  207  knots. 

The  Shuttle  will  not  be  launched  if  electrical  fields  at  the  launch  site 
exceed  one  kilovolt  per  meter  or  if  its  flightpath  will  take  it  into 
dangerous  weather.  On  the  launch  pad,  the  Shuttle  is  within  the  "cone  of 
protection"  of  the  lightning  protection  system.  This  system  consists  of  a 
fiberglass  mast  with  cable  threaded  through  the  top  to  ground  points  1,000 
feet  away  on  either  side. 

Lightning  protection  is  provided  by  the  launch  site  until  lift-off. 
Thereafter,  the  bare  20-inch-long,  20  degree  nose  cone  at  the  tip  of  the 
ET  nose  cap  serves  as  a  lightning  rod.  The  ET  design  incorporates 
features  to  protect  the  structure  and  subsystems  from  the  direct  and 
indirect  effects  of  triggered  atmospheric  electrical  discharges  during 
flight  operations.  The  ET  is  designed  to  function  after  an  initieil  strike 
of  200,000  amperes  peak  at  the  ET  lightning  rod  and  a  second  lightning 
strike  of  50,000  ampere  peak  across  the  ET  body  while  it  is  in  motion. 


Cl-18 


Cl. 3.2  Orbiter  Safecv 


This  section  describes  plans  to  maintain  Orbiter  and  cargo  safety.  The 
Orbiter  has  been  designed  to  recover  safely  from  many  failures.  The  crew 
can  fly  the  Orbiter  back  to  Earth  after  certain  types  of  failures  which 
would  not  be  possible  for  a  conventional  expendable  launch  vehicle.  A 
basic  requirement  for  the  Shuttle  has  been  for  it  to  withstand  a  failure 
and  yet  be  just  as  operational  as  if  the  failure  had  not  occurred.  It 
should  also  be  able  to  tolerate  a  second  failure  in  a  flight-critical 
system  and  still  return  safely  to  Earth. 

The  Space  Shuttle  Vehicle  is  required  to  have  an  intact  abort  capability 
for  contingencies  arising  from  certain  specific  failures  which  might  occur 
during  the  powered  ascent  flight  phase  (lift-off  to  post-MECO  OMS 
insertion).  Intact  abort  is  defined  as  safely  returning  the  Orbiter, 
crew,  and  cargo  to  a  suitable  landing  site.  The  specific  failures  which 
will  result  in  an  intact  abort  are  the  following: 

a.  Complete  or  partial  loss  of  thrust  from  one  SSME; 

b.  Loss  of  thrust  from  one  OMS  engine; 

c.  Loss  of  two  electrical  power  buses; 

d.  Failure  of  two  auxiliary  power  units; 

e.  Failure  of  some  life  support  equipment. 

Four  basic  abort  modes  have  been  developed  to  provide  continuous  intact 
abort  capability  for  Centaur  missions  during  the  ascent  phase: 
Return-To-Launch-Site  (RTLS),  Transatlantic  Abort  Landing  (TAL), 
Abort-Once-Around  (AOA),  and  Abort-To-Orbit  (ATO).  The  four  modes  are 
available  during  different  segments  of  the  ascent  flight  to  provide  intact 
abort  capability.  Two  modes,  AOA  and  ATO,  are  available  after  MECO  in  the 
event  of  an  OMS  engine  failure.  Figure  Cl-29  is  an  altitude/range  profile 
showing  the  relationship  between  RTLS,  TAL,  and  AOA  aborts.  Figures  Cl-30 
and  Cl-31  show  the  flight  profiles  of  an  AOA  and  an  ATO,  respectively.  It 
should  be  noted  that  for  purposes  of  RTG  concerns,  both  the  LOX  and  LH2 
dump  system  (valves,  lines,  etc)  must  fail  to  dump  during  any  abort  before 
an  explosive  environment  can  exist  with  the  Centaur.  In  other  words,  a 
failure  which  prevents  the  successful  dumping  of  only  LOX  or  LH2  is  in 
itself  not  a  threat  to  the  RTGs. 
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The  return-to-launch-site  (RTLS)  abort  mode  will  be  used  in  event  of  an 
SSME  failure  occurring  between  lift-off  and  the  end  of  the  predetermined 
RTLS  interval.  However,  wheii  an  overlap  occurs  between  successive  abort 
mode  intervals,  either  abort  mode  could  be  selected  depending  upon  abort 
failure  conditions.  The  basic  RTLS  abort  flight  mode  may  be  stated  as 
follows.  The  RTLS  abort  mode  is  selected  after  separation  from  Che  SRBs 
(second  stage  flight)  even  though  the  SSME  failure  might  have  occurred  in 
first  stage  flight;  the  vehicle  will  continue  accelerating  downrange  with 
the  two  remaining  SSMEs  until  the  MPS  propellant  equals  the  amount 
required  to  reverse  the  direction  of  flight  and  propel  the  vehicle  to  the 
RTLS  MECO  target.  The  RTLS  MECO  target  is  selected  to  provide  acceptable 
Orbiter/ET  separation  conditions,  acceptable  ET  impact  location,  and 
acceptable  range  to  permit  gliding  safely  back  to  the  selected  landing 
site,  whether  it  be  at  the  launch  site  or  at  the  weather  alternate  site. 
Typical  earliest  (lift-off)  and  latest  RTLS  abort  sequence  of  events  are 
defined  in  Table  Cl -3. 

In  the  event  of  an  SSME  failure  on  a  non-Centaur  mission,  the 
Trans-Atlantic-landing  (TAL)  abort  mode  will  be  used  to  fill  the  abort  gap 
that  normally  exists  between  the  "last  RTLS"  ana  the  earliest 
Press-To-MECO .  However,  on  aborted  Shuttle/Centaur  missions,  the  Centaur 
propellant  dump  significantly  reduces  the  payload  weight,  improving  the 
Shuttle  vehicle's  thrust-to-weight  performance  significantly — enough  to 
allow  an  overlap  of  the  RTLS  and  PTM  window.  Therefore,  the  TAL  abort 
mode  is  not  required  for  an  SSME  failure  and  would  only  be  used  for  a 
systems  failure  requiring  the  Orbiter  either  to  land  in  the  shortest 
possible  time  (for  example,  crew  cabin  gas  leak)  or  to  avoid  orbit 
insertion  because  of  a  loss  of  deorbit  capability. 

The  basic  TAL  abort  flight  mode  may  be  stated  as  follovfs;  After  selection 
of  the  TAL  abort  mode  (TAL  abort  mode  is  acquired  pre-MECO  by  selecting  an 
AOA  on  the  abort  select  switch),  the  vehicle  will  accelerate  downrange  to 
the  TAL  MECO  targets.  At  abort  initiation  the  OMS  propellant  and  Centaur 
propellant  dumps  are  initiated  and  run  to  completion,  if  time  permits,  to 
achieve  the  correct  landing  weight  and  center- of-gravity  for  entry.  At  90 
seconds  before  MECO  the  vehicle  rolls  to  the  head-up  ET  separation 
attitude.  After  ET  separation  and  after  a  30-second  MPS  dump  interval, 
the  onboard  computers  are  loaded  with  the  entry  operational  Hight 
software.  The  Orbiter  then  glides  to  the  primary  landing  site  or  the 
weather  alternate  landirg  site.  Landing  sites  change. as  a  function  of 
intended  orbit  inclination.  For  example,  for  orbit  iiclinations  near  28 
degrees,  Dakar,  Senegal  (on  the  west  coast  of  Africa)  is  the  primary 
landing  site.  For  inclinations  near  57  degrees,  Zaragoza,  Spain  is 
currently  the  primary  landing  site.  The  weather  alternate  landing  site 
for  both  of  these  inclinations  is  Moron,  Spain.  A  typical  TAL  abort 
sequence  of  events  is  defined  in  Table  Cl-4, 
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Table  CL-3  RTLS  Abort  Sequence  of  Events  for  an 
Earliest  and  Latest  SSNE  failure 


Mission 

Elapsed 

Time  (Sec) 

Event 

Earliest 

Latest  1 

0 

Lift-off  of  the  Space  Shuttle  Vehicle 

1 

SSME  Failure,  Engine  Out  Pitch  Biasing  Guidance  Engaged 

125 

SRB  Separation 

150 

RTLS  Abort  Selected 

150 

255 

Centaur  Propellant  Dump  Initiated 

U2U 

255 

Power  Pitch  Around  Initiated 

Ulk 

255 

OMS  Propellant  Dump  Initiated 

iOO 

505 

Centaur  Propellant  Dump  Complete 

586 

425 

OMS  Propellant  Dump  Completed 

704 

579 

Power  Pitch  Down 

721 

594 

MECO 

734 

608 

ET  Separation 

745 

620 

MPS  Dump  Initiation 

765 

640 

Aft  RCS  Propellant  Dump  Initiation 

900 

775 

Aft  RCS  Propellant  Dump  Completed 

865 

740 

MPS  Dump  Completed 

940 

800 

Mach  3.5 

1400 

1260 

_ 1 

Landing 
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Table  Cl-4  TAL  Abort  Sequence  of  Events  for  an  Earliest 
and  Latest  "Systems  TAL"  Abort 


Mission 

Elapsed 

Time  (Sec) 

Event 

Earliest 

Latest* 

0 

0 

Lift-off  of  the  Space  Shuttle  Vehicle 

125 

125 

SRB  Separation 

240 

35o 

"Systems  TAL"  Abort  Selected 

240 

355 

OMS  Propellant  Dump  Initiated 

240 

355 

Centaur  Propellant  Dump  Initiated 

480 

415 

Vehicle  Roll-To-Heads  Up  Attitude 

435 

510 

OMS  Propellant  Dunip  Completed 

490 

510 

Centaur  Propellant  Dump  Completed 

570 

520 

MECO 

588 

538 

ET  Separation 

600 

550 

+X  ARCS  Thruster  Firing  Initiated  (Manual) 

605 

555 

+X  ARCS  Stop,  MPS  Dump  Initiated  (Manual) 

635 

585 

MPS  Dump  Stop  (Auto) 

685 

610 

Entry  Flight  Software  Memory  Load 

1650 

1600 

Mach  3.5 

2100 

2050 

Landing 

*The  latest  TAL  (MET=355  seconds)  is  defines  as  one  which  permits 
Centaur  residuals  of  10,000  lbs  at  MECO  (LHo  =  2800  lbs,  LCX  =  7220 
lbs).  There  are  also  2500  lbs  of  OMS  propellant  remaining.  The  last 
TAL  abort  opportunity  is  at  425  seconds.  However,  excessive  Centaur  and 
OMS  residuals  remain  at  MECO  (LH2  =  5980  lbs,  LOX  =  27,650;  OMS  = 

13,000  lbs).  A  post-MECO  Centaur  and  OMS  propellant  dump  is  mandatory 
to  eliminate  the  hydrogen  (LH2)  residuals  prior  to  landing. 
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Press-To-MECO  (PTM)  is  not  a  specific  flight  mode  but  rather  a  decision  to 
continue  to  the  nominal  guided  Main  Engine  Cut-Off  (MF  0)  target  point 
even  though  there  has  been  a  SSME  failure.  When  the  abort  modes  were 
originally  conceived,  an  AOA  was  used  between  the  last  RTLS  capability  and 
the  earliest  ATO.  The  ATO  was  used  between  the  last  AOA  and  the  earliest 
availability  of  mission  continuation  with  only  two  SSMEs  operating. 

Ascent  performance  analyses  results  have  shown  that  if  the  ascent 
performance  dispersions  were  in  a  favorable  direction  (a  "good  day"),  then 
an  ATO  abort  selected  pre-MECO,  based  on  the  defined  abort  mode 
boundaries,  could  have  been  a  mission  completion  had  the  ATO  abort  not 
been  selected.  Similarly,  some  AOAs  could  have  been  ATOs.  Consequently, 
AOA  and  ATO  aborts  are  now  selected  pcst-MECO  only,  based  on  the  state 
vector  achieved  compared  with  the  MECO  target  line. 

However,  for  Shuttle/Centaur  missions,  if  an  SSME  fails  between  the  last 
RTLS  mode  boundary  and  the  Centaur  mission  completion  boundary,  an  ATO 
abort  will  oe  selected  pre-MECO.  ATO  selection  provides  for  auto 
initiation  of  both  the  OMS  propellant  dump  and  Centaur  propellant  dump 
modes.  The  vehicle  thrust-to-weight  increase  that  ensues  enables 
avoidance  of  a  TAL  abort.  Post-MECO  evaluation  of  the  vehicle  state 
vector  determines  whether  an  AOA  or  ATO  will  be  selected.  If  an  AOA  is 
selected,  the  Orbiter  is  oriented  to  the  required  attitude,  and  an  OMS 
burn  propels  the  Orbiter  to  the  OMS-l  apogee  target.  An  OMS-2  deorbit 
burn  will  enable  the  orbiter  to  achieve  the  entry  interface  target  that  is 
acceptable  for  the  Orbiter  glide  to  the  landing  site. 

The  Space  Shuttle  Vehicle  is  not  required  to  have  "contingency  abort" 
capability.  The  goal  of  a  contingency  abort  is  to  save  the  crew  of  the 
Orbiter.  The  safe  return  of  the  Orbiter  or  its  cargo  would  be  unlikely 
since  it  would  usually  be  ditched  in  the  ocean  or  crash  landed.  The 
selected  failures  which  will  result  in  a  contingency  abort  are  the 
following:  loss  of  thrust  from  two  or  three  SSMEs,  failure  of  the  TVC  of 
a  main  engine  or  an  SRB,  premature  separation  of  the  Orbiter  from  the  EX, 
or  failure  to  separate  an  SRB  from  the  ET. 

Specific  flight  procedures  have  been  developed  to  maximize  the  crew 
survival  chances  for  multiple  SSME  failures  from  lift-off  to  MECO  or 
single  SSME  completion  boundaries.  However,  a  contingency  abort  during  a 
mission  with  a  Centaur  stage  in  the  cargo  bay  will  probably  rupture  the 
Centaur  tanks  at  ditching  or  crash  landing  and  therefore  can  cause  an 
explosion . 

This  paragraph  lists  certain  types  of  failures  that  would  preclude  either 
an  intact  or  a  contingency  abort.  The  types  of  failures  that  lead  to  a 
loss  of  critical  function  are  aft  compartment  explosion,  rupture  or 
explosion  of  the  ET,  burn-through  of  an  SRB,  failure  of  major  structure, 
complete  loss  of  guidance  or  control,  failure  of  one  SRB  to  ignite,  loss 
of  thrust  from  either  SRB,  hardover  condition  of  a  main  engine  or  an  SRB, 
failure  to  separate  the  Orbiter  from  the  ET,  failure  of  the  nozzle  of  an 
SRB,  or  premature  separation  of  an  SRB  from  the  ET. 
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Figure  Cl-2  Shuttle  Vehicle,  Top  View 
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Figure  Cl-3  Shuttle  Vehicle,  Front  View 


Figure  Cl-4  Shuttle  Vehicle,  Back  View 
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Figure  Cl -6  I,ayout  of  Orbiter, 


Left-Hand  View 
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Figure  Cl-8  Layout  of  Orbiter,  Top  View 
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Figure  Cl-13  Orbiter  Structure,  Bottom  View 
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Figure  Cl-14  Thermal  Protection  System,  Orbiter  103  and 
Subsequent  Orbiters 
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Figure  Cl-15  Space  Shuttle  Main  Engines 
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Figure  Cl-22  Solid  Rocket  Motor  Parts  -  (Steel-case  SRM 
and  Filament  Wound  Case  SRM) 
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Figure  Cl-27  Shuttle  SRM  Command  Destruct  Charges 
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Figure  Cl-29  RTLS  and  TAL  Aborts  Altitude  vs  Range 
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Figure  Cl-30  Profile  of  AOA 


Appendix  Cl  Supplement 
Space  Transportation 
System— IDS 


APPENDIX  Cl  SUPPLEMENT  (C1(S)) 
SPACE  TRANSPORTATION  SYSTEM  (CTS) 


TABLE  OF  CONTENTS  P_aj5H 


C1(S).0  Introduction  .  1 

Cl(S).l  Space  Transportation  System  -  General  Description  .  .  1 

Cl (S). 1.2  Orbiter,  External  Tank,  and  Solid  Rocket  Boosters  .  .  2 

C1(S). 1.2.1  Subsystems  .  2 

C1(S).1.2.2  Structures  .  ......  .  6 

C1(S).1.2.2.1  Orbiter  Structure  .  6 

C1(S).1.2.2.2  External  Tank  Structure  .  8 

C1(S).1.2.2.3  SRB  Structure  .  ...  9 

C1(S).1.2.2.3.1  Solid  Rocket  Motor  .  9 

C1(S).1.2.2.3.2  AFT  Skirt  . .  10 

C1(S).1.2.2.3.3  Forward  Skirt  .  ...  10 

C1(S) . I . 2. 2. 3.4  Ordnance  Ring  .  10 

C1(S).1.2.2.3.5  Frustum  .  .  .  10 

C1(S).1.2.2.3.6  Nose  Cap .  11 

C1(S).1.2.2.3.7  Systems  Tunnel  .  11 

C1(S).1.2.3  Operation  Cycle  .  11 

C1(S).I.2.4  Propulsion  .  13 

C1(S).1.2.4.1  Main  Engines  .  13 

C1(S).1.2.4.2  SRBs  .  “ .  14 

Cl (S). 1.2. 4. 3  Orbital  Manuevering  Subsystem  Engines  .  14 

C1(S).1.2.5  SRB/ET  and  ET/Orbiter  Separation  .  14 

C1(S).1.2.6  Pressure  Tanks  .  15 

C1(S).1.2.7  Orbiter  Reaction  Control  Subsystem  ....  .  16 

C1(S).1.3  KSC  Launch  Site  .  16 

CI(S).2  Safety  Plans . .  24 

Cl(S).2.l  Range  Safety  .  24 

Cl (S).  2. 1.1  Introduction  . . 24 

Cl (S). 2. 1.2  Ground  Range  Safety  Systems  (RSS)  .  24 

C1(S).2.1.3  Flight  Venicle  Range  Safety  Systems  .  .  .  25 

Cl(S).2.2  Launch/Landing  Site  Safety  .  .  26 

C1(S).2.2.1  Launch  Processing  System  .  26 

l’1(S).2. 2.1. 1  Subsystem  Operator  Consoles  .  26 

Cl (S). 2, 2. 1.2  Common  Data  Buffer  (CDBFR)  .  27 

C1{S) . 2. 2. 1 . 3  Processed  Data  Recorder/Shared  Peripheral  Area  ...  28 

C1(S).2.2.1.4  Ground  Operations  Aerospace  Language  ........  28 

C1(S).2.2.2  Sound  Suppression  Water  System  .  28 

Cl (S). 2. 2. 3  Pad  Environmental  Control  System  (ECS) 

GN2  Subsystem . . .  29 

C1(S).2.2.4  Meteorological  Systems  .  29 

C1(S).2.2.5  STS  Launch  Propellant  Loading  Cleared  Area  .  30 

C1(S).2.2.5.1  Blast  Danger  Area  Controls  .  30 

C1(S).2.2.5.2  Impact  Limit  Line  Controls  .  30 


i 


1 


I 


i 


APPENDIX  Cl  SUPPLEMENT  (C1(S)) 
SPACE  TRANSPORTATION  SYSTEM  (STS) 


TABLE  OF  CONTENTS  (Continued)  Page 

C1(S)<2.2.6  Fire  Detection  and  Fire  Suppression  .  31 

C1(S).2.2.6.1  Fixed  Service  Structure  .  31 

C1(S).2.2.6.2  Rotating  Service  Structure  .  32 

C1(S).2.2.6.3  Payload  Changeout  Rcoic .  32 

CI(S).2.2.6.4  Hydrogen  Fire  and  Leak  Detection  . .  33 

Cl (S). 2. 2. 7  Hazardous  Gas  Detection  System  (HGDS)  .  33 

Cl (S). 2. 2. 8  Launch  Countdovm  Abort  Modes  .  33 

Cl (S) . 2.2.8. 1  Redundant  Set  Launch  Sequences  (RSLS)  .  33 

C1(S).2.2.8.2  BFS  Engaged  Abort  .  33 

C1(S).2.2.8.3  SRB  Hold  Fire .  34 

C1(S).2.3  Orbiter  Safety  .  34 

C1(S).2.3.1  Intact  Aborts  .  .  .  34 

C1(S).2.3.1.1  RTLS .  35 

C1(S).2,3.1.2  TAL .  35 

C1(S).2.3.1.3  Press-To-MECO  .  35 

C1(S).2.3.2  Contingency  Aborts  .  38 

C1(S).2.3.3  Loss  of  Critical  Function  .  38 

C1(S). 2.3.4  Fast  Separation  .  ......  .  38 


APPENDIX  Cl  SUPPLEMENT  (Cl (3)) 
SPACE  TRANSPORTATION  SYSTEM  (STS) 


LIST  OF  FIGURES 

C1(S)-1  Galileo  Launch  Configuration .  'tO 

Cl(S)-2  Basic  Mission  Cycle  for  Shuttle  .  A1 

Cl(S)-3  Shuttle  Vehicle  Side  View  .  A2 

C1(S)-A  Shuttle  Vehicle  Top  View  .  A3 

Cl(S)-5  Shuttle  Vehicle  Front  View  ....  .  AA 

CI(S)-6  Shuttle  Vehicle  Back  View  .  A5 

Cl(S)-7  Shuttle  Coordinate  Systems  .  .  .  A6 

Cl(S)-8  Layout  of  Orbiter,  Left-Hand  View  .  A7 

Cl(S)-9  Layout  of  Orbiter,  Right-Hand  View  .  .  .  A8 

C1(S)-10  Layout  of  Orbiter,  Top  View .  A9 

C1(S)-11  Layout  of  Orbiter,  Bottom  View  .  50 

C1(S)-12  Thermal  Protection  System  Orbiter  102  51 

C1(S)-13  Thermal  Protection  System  Orbiter  099  and 

Subsequent  Orbiters  .  .....  .  52 

C1(S)-1A  Thermal  Protection  System,  Orbiter  103  and 

Subsequent  Orbiters  .  . .  53 

C1(S)-15  Shuttle  ET . 5A 

C1(S)-16  Shuttle  SRE .  55 

C1(S)-17  Orbiter  Structure,  Perspective  View  .  56 

C1(S)-1S  Orbiter  Structure,  Side  View  .  57 

C1(S)-19  Orbiter  Structure,  Top  View  .  58 

Cl(S)-20  Orbiter  Structure,  Bottom  View  ...  .  59 

Cl(S)-21(a)  SRB-Overall  Structure  .  60 

Cl(S)-21(b)  Steelcase  SRM  &  Filament  Wound  Case  SRM  .  61 

Cl(S)-22  Timeline  of  Propellant  Loading  and  Launch 

Countdown  Activities  .  62 

Cl(S)-23  Shuttle  Main  Engines  .  63 

C1(S)-2A  Orbital  Manuevering  Subsystem  Engine  Pod  .  6A 

Cl(S)-25  Shuttle  SRB  Separation  System  .  65 

Cl(S)-26  Orbiter/ET  Separation  System  .  66 

Cl(S)-27  Shuttle  ET  Command  Destruct  Charges  .  67 

Cl(S)-28  Shuttle  SRM  Command  Destruct  Charges  .  68 

Cl(S)-29  Pressure  Tanks  in  Orbiter  ....  .  69 

Cl(S)-30  Hydrazine  Tank  on  a  Shuttle  SRB .  70 

C1(S)-31  Orbiter  RCS .  71 

Cl(S)-32  Map  of  KSC  and  CCAFS .  72 

Cl(S)-33  Launch  Pad  3 9A  at  KSC .  73 

C1(S)-3A  Launch  Pad  39B  at  KSC .  7A 

Cl(S)-35  Facilities  Surrounding  the  VAB  at  KSC .  75 

Cl(S)-36  Launch  Pad  Blast  Danger  Area  and  STS 

Launch  Impact  Limit  Line  .  76 

Cl(S)-37  RTLS  and  TAL  Abort  Altitude  Vs  Range .  77 

Cl(S)-38  Profile  of  AOA .  78 

Cl(S)-39  Profile  of  ATO . 79 

C1(S)-A0  Intact  Abort  Regions  for  Shuttle  Missions  .  80 

C1(S)-A1  Altitude  Vs  Time  for  Typical  RTLS  Type  Abort .  81 

C1(S)-A2  Typical  RRLS  Abort  Altitude  Vs  Range  .  82 


iii 


APPENDIX  Cl  SUPPLEMENT  ICI(S)) 
SPACE  TRANSPORTATION  SYSTEM  (STS) 


LIST  OF  TABLES 


C1{S)-1  Typical  lUS/PlaneLary  Mission  Event  Timelines  .  18 

Cl(S)-2  Pressure  Tanks  in  Orbiter  .  19-22 

Cl(S)-3  RTLS  Abort  Sequence  of  Events  for  an  Earliest  and 

Latest  SSME  Failure . . .  36 

C1(S)-A  TAL  Abort  Sequence  of  Events  for  an  Earliest  and 

Latest  TAL  Abort .  37 


APPENDIX  Cl  (SUPPLEMENT)  -  C1(S) 
SPACE  TRANSPORTATION  Sy^TEMS  (STS) 


C1(S).0  INTRODUCTION 

The  data  of  this  Appendix  were  extracted  '^rom  the  National  STS  Program 
document  "Space  Shuttle  data  tor  Planetary  Mission  Radioisotape  Thermoelectric 
Generator  (RTG)  Safety  Analysis,  JSC  08116,  Revision  A,  October  1,  1997.  This 
description  includes  lUS  missions. 

Cl(S).l  SPACE  TRANSPORTATION  -  GENERAL  DESCRIPTION 

This  section  presents  a  general  description  of  the  Space  Transportation  System 
(ST.  ).  This  section  contains  three  main  subsections.  The  first  discusses  the 
STS  as  a  whole.  The  second  covers  the  Shuttle  itself;  the  Orbiter,  the 
External  Tank  (ET),  and  the  pair  of  Solid  Rocket  Boosters  (SRBs).  The  third 
covers  the  launch  site  at  the  Kennedy  Space  Center  (KSC).  Although  any  given 
STS  mission  may  well  include  an  upper  stage  and  payload,  these  components  are 
discussed  in  their  own  sections  in  this  appendix.  Figure  C1(S)-1  shows  the 
Galileo  Shuttle  launch  configuration.  The  gross  weight  of  the  veliicle,  wici. 
maximum  65,000  pound  payload,  is  nearly  4.5  million  pounds. 

The  basic  mission  of  Space  Shuttle  is  to  be  a  space  transport,  carrying 
payloads  into  space  and  returning  to  Earth  for  another  load.  What  happens  to 
the  payloads  in  space  depends  on  the  mission.  On  some  missions  the  payload  is 
released  into  orbit.  On  other  .missions  the  payload  is  a  spacecraft  and  an 
upperstage  rocket;  the  rocket  boosts  the  spacecraft  into  another  orbit  or  into 
an  Earth-escape  trajectory.  On  a  third  kind  of  mission,  the  payload  stays  in 
the  Shuttle  Orbiter  and  is  carried  back  to  Earth.  On  yet  a  fourth  kind  of 
mission,  the  Orbiter  crew  retrieves  a  .satellite  already  in  orbit  and  returns 
it  to  Earth. 

Figure  Cl(S)-2  shows  the  basic  mission  cycle.  It  starts  with  the  launoh  of 
the  Shuttle  vehicle,  with  the  SRBs  and  the  Space  Shuttle  Main  Engines  (SSMEs) 
firing.  After  approximately  2  minutes,  at  about  26  miles  altitude,  the  SRBs 
are  jettisoned  and  fall  back  to  Earth  for  recovery.  After  approximately  8 
minutes  of  flight,  before  the  Orbiter  attains  orbit,  the  SSMEs  are  shut  down, 
and  the  ET  is  sepai ited  and  falls  back  to  Earth  for  oceanic  termination.  The 
orbital  maneuvering  system  engines  thrust  the  Orbiter  into  orbit.  The 
mission-dependent  orbital  operations  then  ensue  and,  on  their  completion,  the 
Orbiter  returns  to  Earth  to  be  made  ready  for  its  next  flight. 

In  its  entirety,  the  STS  consists  of  the  Shuttle,  a  variety  of  standard 
payload  carriers,  ground  integration  and  launch  facilities,  and  ground  based 
payload  operations  control  centers.  The  ground  integration  and  launch 
facilities  consist  of  the  KSC  and  Vandenberg  Air  Force  Base  (VAFB)  complexes, 
although  the  latter  is  not  yet  operational  for  Shuttle  launches.  There  are 
three  ground-based  payload  operations  control  centers  located  at  the  Jet 
Propulsion  Laboratory  (JPL),  the  Goddard  Space  Flight  Center  (GSFC),  and  the 
Johnson  Space  Center  (JSC).  Communications  are  via  the  world-wide  Space 
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Tracking  and  Data  Network  (SXDN),  the  Tracking  and  Data  Relay  Satellite  System 
(TDRSS),  and  the  Orbiter  and/or  carrier  cominand  and  data  handling  system. 
Direct  payload  comnunication  is  also  possible.  The  Orbiter  is  transported 
between  ground  sites  such  as  Edwards  Air  Force  Base  (EAFB)  and  KSC  a  top  the 
Shuttle  Carrier  Aircraft  (SCA),  a  modified  Boeing  747  aircraft. 

Cl(S).1.2  Orbiter.  External  Tank,  and  Solid  Rocket  Boosters. 

This  section  describes  the  Shuttle  Vehicle;  the  Orbiter,  the  ET,  and  the 
SRBs.  The  description  here  contains  eight  principal  parts:  subsystems, 
structures,  operation  cycle,  propulsion,  stage  separation,  command  destruct 
system,  pressure  tanks,  and  Reaction  Control  Subsystem  (RCS). 

Figures  Cl(S)-3  through  Cl(S)-6  show  the  Shuttle  Vehicle,  with  side,  top, 
front,  and  back  views. 

In  places  in  this  document,  the  locations  of  items  are  given  in  terms  of 
vehicle  coordinates.  Figure  Cl(S)-7  shows  the  coordinate  systems. 

The  X,  Y,  Z  coordinate  systems  for  the  Orbiter,  ET,  SRB,  and  Shuttle  System 
are  designated  by  the  subscript  letters  0,  T,  B,  and  S.  The  unit  of 
measurement  is  the  inch  to  the  required  decimal  place.  In  each  coordinate 
system,  the  X-axis  zero  point  is  located  forward  on  the  nose  tip;  that  is,  the 
Orbiter  nose  tip  location  is  236  inches  aft  of  he  zero  point  (at  Xq  236); 
the  ET  nose  cap  tip  location  is  at  X^  322.5;  and  the  SRB  nose  tip  location 
is  at  X/  200.  In  the  Orbiter,  the  horizontal  Xq,  Yq  reference  plane  is 
located  at  Zq  400,  which  is  336.5  inches  above  the  ET  horizontal  Xj,  Yt 
reference  plane  located  at  ZT  400.  The  SRB  horizontal  Xg,  Yg  planes  are 
located  at  +Yq  250.5  and  -Yg  250.5.  Also,  note  that  the  Orbiter,  ET,  and 
Shuttle  System  center  X,  Z  planes  coincide. 

From  the  X  s  0  point,  aft  is  positive,  and  forward  is  negative  for  all 
coordinate  systems.  Looking  forward,  each  Shuttle  element  Y-axis  point  right 
of  the  centerplane  (starboard)  is  positive,  and  left  of  center  (port)  is 
negative.  The  Z-axis  of  each  point  within  all  elements  is  positive  with  Z  =  0 
located  below  the  element,  except  for  the  SRBs  in  which  each  Z-coordinate 
point  below  the  SRB  Xg,  Yg  reference  plane  is  negative  and  each  point 
above  that  plane  is  positive. 

The  Shuttle  System  and  Shuttle  elements  coordinate  systems  are  related  'is 
follows:  The  ET  Xj  0  point  coincides  with  Xg  0,  the  SRB  Xg  0  point  is 
located  543  inches  aft,  and  the  Orbiter  Yq,  Zq  reference  plane  is  741 
inches  aft  of  Xg  0. 


C1(S). 1.2.1  Subsystems .  This  section  describes  the  subsystems  of  the 
Orbiter,  the  ET,  and  the  SRBs. 

The  Orbiter  contains  17  subsystems.  They  are  structure;  thermal  protection; 
thermal  control;  main  propulsion;  orbital  maneuvering;  reaction  control; 
mechanical  (including  ET  separation);  auxiliary  power  units;  hydraulic; 
electrical  power;  power  reactant  storage  and  distribution;  environmental 


Cl(S)-2 


control  and  life  support;  purge,  vent,  and  drain;  avionics;  guidance, 
navigation,  and  control;  communications  and  tracking;  and  data  processing  and 
software . 

The  following  paragraphs  describe  these  subsystems.  Figures  Cl(S)-8  through 
Cl(S)-ll  show  the  layout  of  the  Orbiter  and  many  of  the  parts  of  the 
subsystems. 

The  majority  of  the  Orbiter  structure  is  of  conventional  aluminum  construction 
protected  by  Reusable  Surface  Insulation  (RSI).  Section  Cl (S). 1.2. 2  describes 
the  structure  in  more  detail. 

The  Thermal  Protection  Subsystem  (TPS)  keeps  the  outer  skin  of  the  Orbiter 
airframe  from  getting  too  hot,  both  during  ascent  and  during  reentry.  The  TPS 
materials  are  attached  to  the  outside  of  the  primary  structural  shell  of  the 
Orbiter.  There  are  several  types  of  TPS  materials;  where  each  type  is  used 
depends  on  the  temperatures  expected.  The  various  types  are  as  follows: 

a.  Coated  Nomex  felt  Flexible  RSI  (FRSI)  is  used  in  areas  where 
temperatures  are  less  than  750  degrees  F  for  entry  and  830  degrees 
F  for  ascent:  i.e.,  upper  cargo  bay  door,  mid  and  aft  fuselage  ' 
sides,  upper  wing,  and  Aft  Propulsion  System  (APS)  pod. 

b.  Low- temperature  Reusable  Surface  Irsulation  (LRSI)  is  used  in  those 
areas  where  temperatures  are  below  1200  detrees  F  and  above  750 
degrees  F  under  design  heating  conditions. 

c.  High- temperature  Reusable  Surface  Insulation  (HRSI)  is  used  in 
those  areas  exposed  to  temperatures  below  2300  degrees  F  and  above 
1200  degrees  F  under  design  heating  conditions. 

d.  Advanced  Flexible  Reusable  Surface  Insulation  (AFRSI)  in  an 
alternative  to  LRSI  and  is  used  in  those  areas  where  temperatures 
are  below  1800  degrees  F  and  above  750  degrees  F  under  design 
heating  conditions.  AFRSI  is  used  extensively  on  later  Orbiter 
Vehicles  and  as  improvements  in  certain  locations  on  earlier 
Orbiters. 

e.  Reinforced  Carbon-Carbon  (RCC)  is  used  on  areas  such  as  wing 
leading  edge  and  nose  cap  where  predicted  temperature  exceed  2300 
degrees  F  under  design  heating  conditions. 

F.  Thermal  window  panes  and  metal  (forward)  RCS  fairings  and  elevon 
upper  surface  rub  seal  panels. 

g.  Thermal  barriers  are  installed  around  operable  penetrations  (egress 
hatch,  landing  gear  doors,  etc.)  to  protect  against  aero  thermal 
heating . 

The  TPS  is  a  passive  system.  It  has  been  designed  for  ease  of  maintenance  and 
for  flexibility  of  ground  and  flight  operations  while  satisfying  its  primary 
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function  of  maintaining  acceptable  airframe  outer  skin  temperatures.  The 
basic  RSI  materials  are  of  three  types:  (1)  ceramic  LI-900,  LI-2200,  and 
FRCI-12  materials  used  for  HRSI  and  LRSI,  (2)  Nomex  felt  material  used  for 
FRSI,  and  (3)  quilted  fibrous  silica  material  used  for  AFRSI.  HRSI  and  LRSI 
differ  in  the  coatings  applied  for  waterproofing,  handling,  and  optical 
property  control.  HRSI  has  a  black  ceramic  coating  with  a  design  surface 
emittance  of  0.83  and  a  design  solar  absorbance  of  about  0.85;  LRSI  has  a 
white  ceramic  coating  with  a  design  surface  emittance  of  0.8  and  a  design 
solar  absorbance  of  0.32.  The  FRSI  has  a  pigmented  silicone  coating  with 
design  optical  properties  the  same  as  those  for  the  LSI  coating  to  rigidize 
its  surface  without  affecting  its  thermal  properties. 

Figure  C1(S)-12  through  C1(S)-14  show  the  TPS  materials  and  their  location  on 
the  different  Orbiters. 

The  Thermal  Control  Subsystem  (TCS)  maintains  subsystems  and  components  within 
specified  temperature  limits  for  all  mission  phases,  including  prelaunch, 
launch.  Earth  orbit,  entry,  and  post-landing.  The  integrated  thermal  control 
management  uses  available  heat  sources  and  heat  sinks  supplemented  by  passive 
thermal  control  techniques.  Those  techniques  are  primarily  the  use  of 
insulation,  thermal  control  coatings,  and  thermal  isolation  to  attenuate  heat 
transfer  to  or  from  critical  spacecraft  compartments  and  hardware. 

Supplemental  heaters  are  provided  as  required  when  these  methods  are  not 
adequate  to  provide  the  necessary  temperature  control. 

The  lin  pronulsion  subsystem  (MPS)  of  the  Orbiter  includes  three  engines, 
which  burn  for  about  8  minutes  from  just  before  lift-off  until  slightly  before 
attaining  orbit.  The  rated  (sea-level)  thrust  of  each  engine  is  375,000 
pounds.  The  engines  are  gimbaled  for  steering.  The  fuel  is  Liquid  Hydrogen 
(LH2),  and  the  oxidizer  is  Liquid  Oxygen  (LOX).  The  propellants  for  the 
SSMEs  are  in  the  ET.  Section  Cl(S).1.2.4.l  describes  the  SSMEs  in  more  detail. 

The  Orbita’  Maneuvering  Subsystem  (OMS)  includes  two  engines.  The  thrust  from 
those  en^;,  ;ies  carries  the  Orbiter  into  orbit  after  the  SSMEs  are  shut  dow-n, 
provides  for  maneuvering  while  in  orbit,  and  retards  the  Orbiter  out  of  orbit 
for  rae’^*"'.y.  The  rated  (vacuum)  thrust  of  each  engine  is  6000  pounds.  The 
engir  s  gimbaled  for  steering.  The  fuel  is  monomethyl hydrazine  (MMH)  and 
the  ox.  er  is  nitrogen  tetroxide  (N204).  Section  C1(S) . 1 .2. A. 3 
describe  'he  OMS  engines  in  more  detail. 

The  RCS  of  the  Orbiter  includes  AA  thrusters  (38  primary,  6  vernier)  for 
attitude  control  and  three-axis  translation  during  orbit  insertion  and 
on-orbit  ant  entry  phases  of  the  Orbiter  flight.  The  propellant  are  MMH 
(fuel)  and  (oxidizer).  Section  C1(S).1.2.8  describes  the  RCS  system 

in  more  dr  1 . 

The  mechanical  subsystems  of  the  Orbiter  operate  the  aerodynamic  control 
surfaces,  landing/deceleration  system,  payload  bay  doors,  deployable 
radiators,  payload  retention  and  payload  handling  subsystems,  and  provide  for 
disconnecting  propellant  feedlines  between  the  Orbiter  and  the  ET  and  for 
separating  the  Orbiter  from  the  ET. 
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The  auxiliary  power  units  (APUs)  drive  the  hydraulic  pumps.  The  units  work  by 
decomposition  of  hydrazine  (N2H4). 

The  hydraulic  subsystem  provides  hydraulic  power  for  many  of  the  mechanical 
devices  in  the  Orbiter,  for  steering  the  SSMEs,  and  for  controlling  the 
propellant  valves  in  the  SSMEs. 

The  electrical  power  system  supplies  electricity  from  hydrogen-oxygen  fuel 
cells.  The  power  reactant  storage  and  distribution  subsystem  provides 
hydrogen  and  oxygen  to  the  electrical  fuel  cells  and  oxygen  to  the 
Environmental  Control  and  Life  Support  Subsystem  (ECLSS).  The  ECLSS  provides 
a  habitable  environment  for  the  crew.  The  purge,  vent,  and  drain  subsystem 
provides  environmental  control  of  the  Orblter's  unpressurized  structural 
cavities,  which  includes  most  of  the  Orbiter  except  f jc  the  crew  module.  The 
avionics  subsystem  includes  all  the  electronic  gear  xn  the  Orbiter.  The 
guidance,  navigation,  and  control  subsystem  provides  guidance  commands  for 
control  inertial  navigation,  and  automatic  and  manual  control  capability.  The 
communications  and  tracking  subsystem  provides  communication  between  the 
Orbiter  and  ground  stations,  the  Orbiter  and  released  payloads,  and  between 
the  Orbiter  and  the  TDRSS.  The  data  processing  and  software  subsystem 
provides  computing  capability  for  the  Orbiter. 

The  ET  (see  Figure  Cl(S)-lS)  supplies  the  Orbiter  MPS  with  Liquid  Hydrogen 
(LH2)  and  Liquid  Oxygen  (LOX)  at  prescribed  pressures,  temperatures,  and 
flow  rates.  Both  the  LH2  and  LOX  tanks  are  equipped  with  a  vent  and  relief 
valve  to  permit  loading,  pressurization,  and  relief  functions.  Tank  level 
sensors  provide  for  propellant  loading  and  shutdown  signals.  The  ET  is 
thermally  protected  with  a  nominal  l-inch  thick  Spray-On  Foam  Insulation 
(SOFI),  with  additional  SOFI  and  a  charring  Super-Lightweight  Ablator  (SLA 
561)  in  places  to  withstand  localized  high  heating.  Since  the  ET  is  an 
expendable  element,  the  ET  subsystems  are  designed  for  single  usage  to 
minimize  costs. 

The  ET  reacts  the  SRB  thrust  through  its  innertank  and  provides  attach 
structure  to  the  Orbiter  to  react  the  SSME  thrust.  At  lift-off,  the  ET 
contains  1.55  million  pounds  of  usable  propellant.  At  Mein  Engine  Cutoff 
(MECO),  the  ET  is  separated  from  the  Orbiter  before  orbital  velocity  is 
achieved.  The  ET  then  proceeds  on  a  ballistic  reentry  path  for  a  safe  Impact 
in  the  ocean. 

Linear-Shaped  Charges  (LSCs),  one  on  each  tank  in  the  ET,  can  split  the  tanks 
on  command  for  range  safety.  Section  C1(S).2.1  describes  the  range  safety 
system  in  more  detail. 

Two  SRBs  burn  in  parallel  with  the  Orbiter  MPS  to  provide  initial  ascent 
thrust.  The  primary  elements  of  the  SRB  are  the  motor,  including  case, 
propellant,  igniter,  and  nozzle;  structural  systems;  separation.  Operational 
Flight  Instrumentation  (OFI),  and  recovery  avionics;  separation  motors  and 
pyrotechnics;  and  deceleration,  range  safety  destruct,  and  Thrust  Vector 
Control  (TVe)  subsystems.  Each  SRB  (steel-cased)  weighs  approximately  1.293 
million  pounds. 
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Figure  Cl(S)-l6  shows  an  SRB.  The  following  paragraphs  describe  the  elements 
of  an^  SRB. 

Bach  SRB  produces  2.4  million  pounds  of  thrust  at  sea  level.  The  engines  are 
gimbaled  for  steering.  Section  C1(S).1.2.4.2  describes  the  SRB  engine  in  more 
detail. 

The  ST^B  case  is  segmented.  The  skirts  at  the  aft  end  of  the  SRBs  sit  on  the 
mobile  launch  platform  before  lift-off. 

Two  lateral  sway  braces  and  a  diagonal  attachment  at  the  aft  frame  provide  the 
structural  attachment  between  the  SRB  and  the  ET.  The  SRB  forward  attachment 
to  the  ET  is  by  a  single  thrust  attachment  at  the  forward  end  of  the  forward 
skirtw  The  same  forward  skirt  is  used  for  attaching  the  main  parachute  riser 
attachments . 

The  SRBs  are  released  from  the  ET  by  pyrotechnic  devices  at  the  forward  thrust 
attachment  and  the  aft  sway  braces.  Eight  separation  rockets  on  each  SRB, 
four  aft  and  four  forward,  separate  the  SRB  from  the  Orbiter  and  the  ET. 

The  forward  section  provides  room  for  the  SRB  electronics,  recovery  gear, 
range  safety  destruct  system,  and  forward  separation  rockets.  The  parachute 
deceleration  subsystem  consists  of  a  pilot  parachute,  a  ribbon  drogue 
parachute,  and  three  ribbon  main  parachutes. 

C1(S).1.2.2  Structures.  This  section  describes  the  structural  elements  of 
the  Orbit,  the  ET,  and  the  SRBs. 

C1(S).1.2.2.1  Orbiter  Structure.  Figures  C1(S)-17  through  Cl(S)-20  show  the 
Orbiter  structure. 

The  majority  of  the  Orbiter  structure  is  of  conventional  aluminum  construction 
protected  by  RSI. 

The  forward  fuselage  structure  is  composed  of  2024  aluminum  alloy 
skin/stringer  panels,  frames,  and  bulkheads.  The  crew  module,  which  is 
supported  within  the  forward  fuselage  by  four  attach  points,  is  welded  to 
create  a  pressure-tight  vessel.  The  module  has  a  side  hatch  for  normal 
ingress  and  egress  and  a  hatch  from  the  airlock  into  the  payload  bay. 

The  mid  fuselage  structure,  which  is  primarily  of  aluminum  construction, 
connects  to  the  forward  fuselage,  aft  fuselage,  and  the  wing.  It  runs  from 
Xq  582  to  Xq  1307  and  provides  the  support  for  the  Orbiter  payloads 
including  the  payload  bay  doors.  In  the  forward  portion  is  the  forward  wing 
glove  fairing,  which  runs  from  Xq  582  to  Xq  807.  The  side  wall  just 
forward  of  the  wing  carry-through  structure  provides  the  inboard  support  for 
the  main  landing  gear.  The  total  lateral  landing  gear  loads  are  reacted  by 
the  mid  fuselage  structure. 

The  mid  fuselage  skins  are  integrally  machined  except  the  panels  above  the 
wing  from  Xq  1040  to  Xq  1307  which  are  aluminum  honey  comb  panels.  The 
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integrally  machined  skins  have  longitudinal  T-stingers.  The  bottom  panel 
between  Xq  1191  and  Xq  1307  provides  a  dual  function  of  carrying 
transverse  wing  loads  as  well  as  body  bending  loads  and  is  of  waffle 
construction.  The  side  skins  in  the  wing  interface  from  Xq  SC.  to  Xq  1307 
are  also  machined  but  have  vertical  stiffeners  except  from  Xq  1278  to  Xq 
1307,  which  is  a  waffle  configuration. 

There  are  12  main  frame  assemblies  which  stabilize  the  mid  fuselage  structure 
and  react  wing  and  payload  loads.  The  frame  assemblies  consist  of  vertical 
side  elements  and  horizontal  elements.  The  side  elements  are  machined,  and 
the  horizontal  elements  have  machined  flanges  with  boron/aluminum  time  shear 
trusses.  In  addition  to  the  12  main  frames,  there  are  13  machined  side  wall 
stub  frames. 

In  the  upper  portion  of  the  mid  fuselage  are  the  sill  and  door  longerons.  The 
machined  sill  longerons  are  not  only  primarily  body  bending  elements,  but  also 
serve  to  take  the  longitudinal  loads  from  the  payloads.  Attached  to  the  door 
longerons  and  associated  backup  structure  are  the  13  payload  bay  door  hinges. 
These  hinges  provide  the  vertical  reaction  from  the  payload  bay  doors,  and 
five  of  the  hinges  react  the  payload  bay  door  shears.  The  sill  longeron  also 
provides  the  base  support  for  the  payload  manipulator  arms  and  its  storage 
provisions,  rendezvous  sensor,  and  payload  bay  door  actuation  system.  To 
avoid  excess  weight,  the  payload  manipulator  arm  will  be  removed  for  the 
Galileo  and  Ulysses  missions. 

The  mid  fuselage  provides  the  wing  carry-through  structure  between  Stations 
1191  and  1307.  It  consists  of  the  lower  skin  and  upper  wing  box  carry-through 
skin  and  seven  longitudinal  rib  members.  The  center  rib  is  composed  of 
integrally  machined  caps,  shear  web,  and  vertical  stiffeners,  and  the  other 
six  have  boron/a luminom  tube  truss  members.  The  upper  wing  box  carry-through 
skin,  Xq  1191  to  Xq  to  1307,  carries  the  transverse  wing  loads  and  is 
machined  with  lateral  T-stingers. 

The  aft  fuselage  includes  a  thrust-type  internal  structure  of  diffusion-bonded 
elements  that  transfers  the  SSMEs '  thrust  loads  to  the  mid  fuselage  and  the 
ET.  The  external  surface  of  the  aft  fuselage  is  of  standard  construction 
except  for  the  removable  Aft  Propulsion  System  (APS)  pods  which  are 
constructed  with  graphite  epoxy  skins  and  frames.  A  machined  aluminum  plate 
heat  shield  with  thermal  insulation  at  the  rear  of  the  vehicle  provides 
protection  to  the  SSME  systems. 

The  wing  is  of  conventional  aluminum  alloy  construction.  Corrugated  spar  web, 
truss-tvpe  ribs,  and  riveted  skin-stringer  and  honeycomb  covers  are  used.  The 
elevens  are  of  aluminum  honeycomb  construction  and  are  split  into  two  segments 
to  minimize  hinge  binding  and  interaction  with  the  wing. 

The  vertical  tail  is  of  conventional  aluminum  alloy  construction  consisting  of 
a  two-spar,  multirib,  integrally  machined  skin  assembly.  The  tail  is  attached 
to  the  aft  fuselage  by  bolted  fittings  at  the  two  main  spars.  The 
rudder/speed  brake  assembly  is  divided  into  upper  and  lower  sections.  Each 
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section  is  also  split  longitudinally  and  individually  actuated  to  serve  as 
both  rudder  and  speed  brake. 

These  major  structural  assemblies  r.re  mated  and  joined  together  with  rivets 
and  bolts.  The  mid  fuselage  is  joined  to  the  forward  and  aft  fuselages 
primarily  with  shear  ties,  with  the  mid  fuselage  skin  overlapping  the  bulkhead 
caps  at  Xq  582  and  Xq  1307.  The  wing  is  attached  to  the  mid  fuselage  and 
aft  fuselage  primarily  with  shear  ties,  except  in  the  area  of  the  wing 
carry-through  where  the  upper  panels  are  attached  with  tension  bolts.  The 
vertical  tail  is  attached  to  the  aft  fuelage  with  bolts  which  work  in  both 
shear  and  tension.  The  body  flap,  which  is  constructed  with  aluminum 
honeycomb  covers,  is  attached  to  the  aft  lower  fuselage  by  four  rotary 
actuators . 

C1(S ) . 1 . 2. 2. 2  External  Tank  Structure.  The  main  parts  of  the  ET  are  the  LOX 
tank  at  the  forward  end,  an  inter tank,  and  a  LH2  tank  at  the  aft  end.  The 
LH2  tank  is  about  three  times  as  large  as  the  LOX  tank.  Figure  C1(S)-15 
shows  the  ET. 

The  ET  consists  of  a  forward  LOX  tank,  an  unpressurized  intertank,  and  a  LH2 
tank.  The  LOX  tank  (volume  s  19,500  ft^)  is  an  aluminum  alloy  monocoque 
structure  composed  of  a  fusion-welded  assembly  of  performed,  chemicaled  gores, 
panels,  machined  fittings,  and  ring  chords.  The  LOX  tank  is  designed  to 
operate  at  a  nominal  pressure  range  of  20  to  22  psig.  The  tank  contains 
antislosh  and  antivortex  baffles  as  well  as  an  antigeyser  system  to  control 
conditions.  A  17-inch  diameter  feediine  conveys  propellant  through  the 
intertank  and  externally  aft  to  the  ET/Orbiter  disconnect.  The  tank's  double 
wedge  nose  cone  reduces  drag  and  heating  and  also  serves  as  a  lightning  rod. 

The  intertank  is  semimonocoque  cylindrical  structure  with  flanges  on  each  end 
for  joining  the  LOX  and  LH2  tanks.  The  intertank  contains  the  SRB  thrust 
beam  and  fitting  which  distribute  SRB  loads  to  LOX  and  LH2  tanks.  The 
interbank  provides  an  umbilical  plate  which  interfaces  with  a  ground  facility 
arm.  The  umbilical  plate  accommodates  purge  gas  supply,  hazardous  gas 
detection,  and  hydrogen  gas  boil-off  during  ground  operations.  The  interbank 
consists  of  mechanically  joined  skin,  stringers,  and  machined  panels  of 
aluminum  alloy.  The  interbank  is  vented  in  flight. 

The  LH2  tank  (volume  =  53,518  ft^)  is  a  semimonocoque  structure  composed 
of  four  fusion-welded  barrel  sections,  five  beam  ring  frames,  and  forward  and 
aft  0.75  ellipsoidal  domes.  The  LH2  tank  is  designed  to  operate  after 
lift-off  at  a  nominal  pressure  of  32  to  34  psig;  the  lift-off  pressure  is  40.9 
to  44.1  psig. 

The  tank  contains  an  antivortex  baffle  and  a  siphon  outlet  to  transmit 
propellant  to  the  ET/Orbiter  disconnect  through  a  17-inch  diameter  line.  The 
LH2  tank  has  provisions  tor  the  ET/Orbiter  forward  attach  strut,  two 
ET/Orbiter  aft  attach  fittings,  the  thrust  distribution  structure,  and  the  aft 
3RB/ET  stabilizing  strut  attachments. 
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To  reducia  the  ET  weight  and  thus  achieve  greater  payload  capability,  certain 
changes  have  been  loade  to  the  original  ET  described  above.  These  changes, 
which  have  reduced  the  dry  weight  of  the  ET  by  over  6000  pounds  are 
incorporated  in  tho  Lightweight  Tank  (LWT)  version  of  the  ET.  The  LWT  first 
flew  on  STS-6  and  became  the  standard  version  from  STS-8  onward,  after  STS-7 
used  the  last  of  the  original  version  ETs.  Among  the  changes  incorporated  in 
the  LWT  were  the  elimination  of  five  LOX  slosh  baffle  rings,  deletion  of  the 
anti-geyser  line  and  incorporation  of  helium  inject  into  the  main  feed  line. 

C1(S).1.2.2.3  SRB  Structure.  There  arc  two  versions  of  the  SRB  (Figure 
C1(S)-21),  and  the  major  difference  between  them  is  the  structural  material  of 
the  Solid  Rocket  Motor  (SRM)  case  itself.  The  initial  version  has  a  Steel 
Case  (sc)  SRM,  while  the  second  version  will  have  a  composite  Filament-Wound 
Case  (FWC).  Although  the  SC-SRB  is  operational,  the  FWC-SRB  is  still  under 
development.  The  major  advantages  of  the  FWC-SRB  is  its  lighter  weight  - 
about  30,000  pounds  less  than  the  SC-SRB,  thus  making  possible  a  heavier  STS 
payload.  However,  because  of  the  higher  cost  of  the  FWC,  it  will  only  be  used 
when  its  payload  advantage  is  needed.  The  Inertial  Upper  Stage  (lUS) 
planetary  missions  are  planned  to  use  the  steel  case  SRBs. 

Overall,  the  SRB  is  ISO  feet  long  and  is  148  inches  in  diameter,  although  the 
FWC  diameter  is  slightly  greater  because  of  its  thicker  case.  The  inert 
weight  of  the  SC-SRB  is  190,000  pounds,  which  is  about  30,000  pounds  greater 
than  the  FWC-SRB.  The  propellant  weight  of  each  is  about  1.1  million  pounds, 
and  the  subdivision  of  this  total  weight  is  described  in  section 
C1(S).1.2.4.2.  The  major  elements  consist  of  the  structural  assemblies  )aft 
skirt,  forward  skirt,  and  nose  assembly)  and  the  four  SRM  segments.  The 
parachutes  are  mounted  in  the  nose  assembly,  electronics  in  the  forward  skirt, 
and  the  Tl’C  system  in  the  aft  skirts.  The  structural  assemblies  are  designed 
for  43  uses,  the  SC-SBN  for  20  uses,  the  electronics  and  TVC  hardware  for  '^'0 
uses,  and  the  parachutes  for  10  uses.  The  FWC-SRM  is  designed  fer  single  time 
use  only,  although  the  feasibility  of  reusing  it  is  under  study. 

Cl(S). 1 . 2.2. 3. 1  Solid  Rocket  Motor.  The  SRMs  are  cast  and  delivered  to  the 
launch  site  in  four  segments.  The  SC  segments  are  roll  formed  D6ac  steel  with 
pinned  clevis  joints.  Two  0-ring  seals  in  each  joint  provide  redundancy  for 
the  maintenance  of  pressure  integrity.  The  design  and  fabrication  of  the  case 
are  a  scaled-up  version  of  the  Titan  III  motor  cases.  Structural  design 
factor  of  safety  for  the  SC  1.4,  typical  of  man-rated  vehicles.  Only  the 
four  straight  cylindrical  sections  of  the  FWC-SRM  (Figure  l-21b)  are  actually 
filament  wound,  the  other  segments  being  steel  as  before.  The  materials  used 
for  the  FWC  are  Hercules  AS4W--12K  grrphite  fiber  (modulus  33  X  10^  psi),  and 
Hercules  HBRF-55A  resin  (bisphenol  A  epoxy,  I,  4  butanedial  epoxy  and  curing 
agent  consisting  of  a  blend  of  methylene  dianiline  with  a  m-phenylene 
dianiline).  The  FWC  design  safety  factors  are  1.4  on  metal  parts  and  membrane 
structure,  and  2.0  on  composites  at  joints  and  discontinuities. 

The  composite  propellant  is  a  proven  Polybutadiene  Acrylonitrile  (PBAN) 
propellant  used  in  the  Minuteman  and  poseidon  systems.  More  than  200  million 
pounds  of  this  propellant  have  been  produced.  The  propellant  is  vacuum  cast 
and  case  bonded. 
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The  SRN  noiil*  it  a  20  percent  submerged,  omnidirectional  movable  noizle.  The 
throat  diameter  it  54  inchet  and  the  diameter  at  the  end  of  the  exit  cone  is 
148  inches.  The  nottle  has  an  aft  pivoted,  flexible  bearing  that  provides  an 
otuiiaxial  TVC  deflection  capability  of  plus  or  minus  8  degrees.  All  metal 
parts  of  the  nottle  are  designed  for  20  uses. 

Cl(S) . 1 . 2. 2. 3.2  Aft  Skirt.  The  aft  skirt  provides  attach  points  to  the 
launch  support  structure  and  support  to  the  Space  Shuttle  on  the  Mobile 
Launcher  It'latfnrffl  (NLP)  for  all  conditions  prior  to  SRB  ignition.  The  aft 
skirt  provides  aerodynamic  protection,  thermal  protection,  and  mounting 
provisions  for  th^.  TVC  subsystem  and  the  aft  mounted  separation  motors.  The 
aft  skirt  provides  sufficient  clearance  for  the  3RM  nottle  at  the  full  gimbal 
angles.  The  aft  sk^rt  kick  ring  provides  the  necessary  structural  capability 
CO  absorb  and  transfer  induced  prelaunch  loads. 

The  aft  skirt  structure  assembly  is  a  welded  and  bolted  conical  shape,  146 
inches  in  diameter  at  the  top,  212  inches  at  the  bottom,  and  is  90. S  inches  in 
height.  It  is  configured  for  left-hand  and  right-hand  assemblies,  is 
fabricated  using  2219  aluminui:«  with  D6ac  steel  rings,  and  weighs  approximately 
12,000  pounds. 


C'KS ) .  1 . 2. 2. 3 . 3  Forward  Skirt.  The  forward  skirt  comprises  all  structure 

between  the  forward  SRN  segment  and  the  ordnance  ring.  It  includes  an  SRB/ET 
attach  fitting  which  transfers  the  thrust  loads  to  the  CT  and  a  forward 
bulkhead  which  seals  Che  forward  end  of  the  skirt.  The  forward  skirt  provides 
Che  structure  to  react  parachute  loads  during  deployment  and  descent,  and 
provides  an  attach  point  for  towing  the  SRB  during  retrieval  operations. 

Secondary  structure  is  provided  for  counting  coroponent.s  of  the  FLectrical  and 
Instrumentation  (E&I)  subsystem,  rate  gyro  assemblies,  range  safety 
components,  and  interconnecting  cables.  The  skirt  assembly  is  sealed  to 
provide  additional  flotation  capability. 

The  forward  skirt  is  146  inches  in  diameter  and  125  inches  in  height.  It 
consists  of  a  2219  aluminum  welded  cylinder  assembly  made  from  machined  and 
brake-formed  skin  panels  and  welded  thrust  post  structure.  The  forward  skirt 
weighs  approximately  6400  pounds. 

C1(S ) . 1 . 2. 2. 3.4  Ordnance  Ring.  The  ordnance  ring,  146  inches  in  diameter, 
provides  a  plane  for  pyrotechnically  separating  Che  frustum  from  the  forward 
skirt  during  the  parachute  deployment  process.  The  ring  is  machined  from  a 
2219  aluminum  ring  forging  and  provides  mounting  provisions  for  the 
linear-shaped  charge  used  in  the  severance  function. 

C1(S ) . 1 . 2. 2. 3. 5  Frustum.  The  frustum  houses  the  main  parachutes,  provides 
the  structural  support  for  the  forward  separation  motors,  and  incorporates 
flotation  devices  and  location  aids  (flashing  light  and  Radio  Frequency  (RF) 
beacon)  for  water  retrieval  operations.  It  is  fabricated  using  machined  2219 
aluminum  shear  beams,  ring  fittings,  separation  motor  supports,  main  parachute 
supports,  and  7075  aluminum  formed  skins.  The  frustum  weighs  approximately 
3800  pounds. 
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Ci (?) . 1 . 2. 2. 3.6  Nose  Cap.  The  rose  cap  houses  both  the  pilot  and  drogue' 
parachutes  and  is  separated  from  the  frustum  by  three  pyrotechnic  thrusters  to 
initiate  the  parachute  deployment  sequence.  The  nose  cap  is  basically  an 
aluminum  monocoque  structure  with  a  hemispherical  section  ac  the  forward  end. 
The  base  is  68  inches  in  diameter  and  the  overall  height  is  35  inches.  The 
structure  is  a  riveted  assembly  of  machined  2024  aluminum  sheet  skins,  formed 
ring  segments  and  cap,  and  a  machined  separation  ring.  Its  weight  is 
approximately  300  pounds. 

Cl (S) . 1 . 2. 2.3. 7  Systems  Tunnel.  The  systems  tunnel  is  located  outboard  on 
each  SRB  and  houses  the  electrical  cables  and  linear-shaped  charge  of  the 
range  safety  system.  The  tunnel  provides  lightning,  thermal,  and  aerodynamic 
protection  and  mechanical  support  for  the  cables  and  destruct  charge.  It  is 
manufactured  from  2219  aluminum  and  extends  from  the  forward  skirt  along  the 
motor  case  to  the  aft  skirt.  The  tunnel  is  approximately  10  inches  wide  and  5 
inches  high.  Its  floor  plate  is  vulcanized  and  bonded  to  each  motor  segment 
by  Thiokol,  the  SRM  contractor.  The  overall  weight  of  the  systems  tunnel  is 
approximately  600  pounds. 

C1(S).1.2.3  Operation  Cycle.  This  section  describes  the  operation  of  the 
Shuttle  Vehicle.  One  operation  cycle  extends  from  when  the  Orbiter  lands  to 
finish  one  mission  until  it  lands  again  to  finish  the  next  one.  The  cycle 
covers  ground  preparation,  launch,  ascent,  orbit,  and  return.  Figure  Cl(S)-2 
shows  the  entire  cycle. 

The  ground  preparations  proceed  in  five  phases.  They  are  landing;  safing, 
maintenance,  and  checkout;  premate  preparation;  Shuttle  assembly;  and 
prelaunch . 

The  first  actions  after  the  Orbiter  lands  and  which  require  about  1  hour  to 
accomplish  are  the  attachment  of  ground  cooling  and  towing  equipment  and  the 
removal  of  the  flight  crew.  The  Orbiter  is  then  towed  to  the  Orbiter 
Processing  Facility  (OFF)  where  the  vehicle  is  safed.  Thereafter,  the  OMS 
pods/RCS,  returning  payload,  and  OMS  propellant  kit  are  removed,  and 
maintenance  activity  on  the  vehicle  commences.  The  OMS/RCS  are  refurbished 
and  reinstalled,  the  vehicle  is  checked  out,  the  payload  is  installed  and  the 
vehicle/payload  interfaces  checked. 

The  vehicle  is  then  moved  to  the  Vehicle  Assembly  Building  (VAB)  where  it  is 
lifted,  erected,  and  mated  to  the  SRB/ET  that  were  stacked  and  mated  while  the 
Orbiter  was  still  in  the  OFF.  When  the  Space  Shuttle  Vehicle  and  the  mobile 
launch  platform  are  ready  to  be  moved,  they  can  be  moved  or  maintained  in  this 
configuration  for  a  long  period. 

Loading  the  propellants  into  the  ET  will  begin  8.5  hours  before  launch.  As 
depicted  in  Figure  Cl(S)-22,  this  operation  commences  with  line  chilling  and 
progresses  to  slow  fill,  fast  fill,  and  topping.  Because  topping  of  the  ET 
LH2  and  LOX  tanks  is  essentially  complete  several  hours  before  launch,  it  is 
necessary  to  keep  replenishing  these  tanks  until  a  few  minutes  before  launch. 
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Approximately  3  hours  before  launch,  the  flight  crew  will  enter  the  Orbiter. 
The  ground  control  will  end  31  seconds  before  launch  when  automatic  sequencing 
of  events  from  the  Orbiter  will  begin. 

The  aunch  part  ot  the  operation  cycle  includes  five  principal  events: 
ignition  of  tne  SSMbs*  ending  the  signal  to  light  the  SRBs;  lift-off; 
clearing  the  tower;  and  the  passage  of  the  instantaneous  impact  point  beyond 
shallow  water.  The  SSMEs  are  started  by  commands  from  the  Orbiter  onboard 
computers  beginning  at  6.6  seconds  before  lift-off,  using  a  staggered  start 
sequence  (Engines  3,  2,  and  1  started  sequentially  in  that  order  at  120 
millisecond  inteivals).  When  the  computers  in  the  Orbiter  determine  that  all 
three  SSMEs  are  operating  normally,  with  at  least  90X  of  rated  thrust,  the 
computers  send  the  signals  to  start  the  SRBs.  These  signals  are  sent  40 
milliseconds  before  lift-off.  Once  Che  SRBs  light,  lift-off  will  occur  either 
the  SRBs  and  the  SSMEs  running.  After  approximately  7  seconds  of  flight,  the 
vehicle  will  clear  the  tower;  and  after  approximately  34  seconds  of  flight, 
the  instantaneous  impact  point  will  be  over  water  at  least  20  fathoms  deep. 

The  ascent  part  of  the  operation  cycle  includes  several  important  events  for 
nuclear  safety  analysis.  The  dynamic  pressure  on  the  vehicle  will  grow  quite 
rapidly  to  be  about  650  Ib/ft^  after  about  40  seconds  of  flight,  will  hold 
at  a  peak  of  approximately  705  Ib/fC^  between  50  and  60  seconds  and  then 
will  decline  sharply  to  about  50  Ib/ft^  by  the  time  the  SRBs  burn  out  (about 
119  seconds  into  the  flight).  Once  the  SRBs  burn  out  (signaled  by  the  drop  of 
the  SRM  chamber  pressure  to  below  50  Ib/in^),  they  will  be  jettisoned  and 
will  fall  clear  of  the  Orbiter  and  ET  after  about  128  seconds  of  flight.  The 
SRBs  are  lowered  by  parachutes  into  the  ocean  and  are  recovered  and  returned 
to  the  launch  site  for  recycle.  After  the  SRBs  fall  away,  the  Orbiter  and  ET 
will  continue,  propelled  by  the  SSMEs. 

After  about  500  seconds  of  flight,  the  SSMEs  will  be  shut  dov.n;  and  soon 
afterwards,  the  ET  will  be  released  to  break  up  and  fall  into  the  ocean. 
Approximately  one  or  two  minutes  after  MECO  the  OMS  engines  in  the  Orbiter 
will  be  started  for  a  short  burst  to  propel  the  vehicle  to  orbit  altitude. 
After  the  orbiter  has  coasted  to  the  desired  altitude,  it  will  be  leveled 
using  the  RCS,  and  the  OMS  engines  will  be  fired  again  to  circularize  the 
orbit . 

The  orbit  part  of  the  operation  cycle  may  differ  considerably  from  one  mission 
to  another.  For  some  missions,  the  crew  will  deploy  or  retrieve  a  satellite 
and  return  to  Earth  in  one  revolution.  For  other  missions,  the  Orbiter  will 
stay  in  space  as  long  as  30  days.  For  the  Galileo  and  Ulysses  missions,  the 
orbital  part  will  include  releasing  the  spacecraft  and  the  lUS  upper  stage, 
moving  some  distance  away,  staying  in  orbit  for  several  hours  while  the  crew 
eats  and  sleeps,  and  then  preparing  to  return  to  Earth.  The  typical  time 
profile  for  the  lUS  planetary  missions  from  lift-off  to  cargo  deployment  is 
shown  in  Table  Cl(S)-l. 

The  return  part  of  the  operation  cycle  includes  firing  the  OMS  engines  to 
retard  the  Orbiter  out  of  orbit  and  gliding  down  for  a  landing. 
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Following  the  completion  of  orbital  operations,  the  Orbiter  is  oriented  to  a 
tail-first  attitude.  After  the  OMS  provides  the  deceleration  thrust  necessary 
tor  deorbiting,  the  Orbiter  is  reoriented  nose-forward  to  the  proper  attitude 
for  entry.  The  orientation  of  the  Orbiter  is  established  and  maintained  by 
the  RCS  down  to  where  the  atmospheric  density  is  sufficient  for  the  pitch  and 
roll  aerodynamic  control  surfaces  to  be  effective  (about  250,000  feet  altitude 
and  26,000  feet  per  second  velocity).  The  yaw  RCS  remains  active  until  the 
vehicle  reaches  an  angle  of  attack  of  about  10  degrees  (about  80,000  feet 
altitude) . 


The  Orbiter  entry  traiectory  provides  lateral  flight  range  to  the  lanu.:  j  site 
and  energy  management  for  an  unpowered  landing-  The  trajectory,  lateral 
range,  and  heating  are  controlled  through  the  attitude  of  the  vehicle  by  angle 
of  attack  and  bank  angle.  The  angle  of  attack  is  established  at  38  degrees 
for  the  theoretical  entry  interfaces  of  400,000  feet  altitude.  The  entry 
flightpar.h  angle  is  -1.19  degrees.  The  38  degree  attitude  is  held  until  the 
speed  is  reduced  to  21,200  feet  per  second  (about  220,000  feet  altitude),  is 
then  reduced  gradually  to  28  degrees  at  17,200  feet  per  second  (about  190,000 
feet  altitude);  it  is  held  at  28  degrees  until  speed  is  reduced  to  8500  feet 
persecond  (about  150,000  feet  altitude),  and  then  reduced  gradually  to  6 
degrees  where  the  speed  is  about  1500  feet  per  second  (about  70,000  feet 
altitude)  at  the  beginning  of  Terminal  Area  Energy  Management  (TAEH). 

During  the  final  phase  of  descent,  fiightpath  control  is  maintained  by  using 
the  aerodynamic  surfaces.  TAEM  is  initiated  to  provide  the  proper  vehicle 
approach  to  the  run'.ay  with  respect  to  position,  energy,  and  heading.  Final 
touchdown  occurs  at  an  angle  of  attack  of  about  16  degrees.  The  maximum 
landing  speed  for  a  32,000  pound  payload,  including  disper.Tions  for  hot  day 
effects  and  tailwinds,  is  about  207  knots. 


The  parameters  of  the  nominal  entry  just  described  may  vary  according  to 
individual  mission  requirements. 

C1(S).1.2.4  Propulsion.  This  section  describes  the  engine  for  propulsion 
of  the  Orbiter.  There  are  three  engine  systems  to  consider:  SSMEs,  SRBs  and 
OMS.  The  SSMEs  and  the  SRBs  together  provide  the  thrust  for  lift-off  and  for 
the  first  2  minutes  or  so  of  ascent.  After  the  SRBs  burn  out,  the  SSMEs 
thrust  the  Orbiter  on,  almost  to  orbit.  After  the  SSMEs  are  shut  down,  the 
OMS  engines  provide  thrust  for  attain  in  orbit,  maneuvering  while  in  orbit, 
and  decelerating  out  of  orbits. 


C1(S).1.2.4.1  Main  Engines.  The  SSME  is  a  reusable,  high-performance, 
liquid-propellant  rocket  engine  with  variable  thrust.  Three  engine  are 
clustered  on  each  Orbiter  vehicle.  They  are  ignited  on  the  ground  at  launch 
and  burn  for  an  average  of  eight  minutes  during  the  vehicle  boost  phase. 

Figure  Cl(S)-23  shows  the  SSMEs  and  the  propellant  feedlines  from  the  ET. 


The  propellants  for  the  SSMEs  are  LH2  (fuel) 
thrust  of  each  SSME  is  375,000  pounds  at  sea 
vacuum.  The  nominal  engine  chamber  pressure 


and  LOX  (oxidizer).  The  rated 
level  and  470,000  pounds  in 
3000  Ib/in^.  The  nozzle 


IS 
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exit  diameter  is  9^v  inches.  Each  SSME  weighs  about  6950  pounds.  The  nozzle 
is  gimbaled,  s^ith  hydraulic  actuators,  for  steering. 


C1(S).1.2.4.2  SRBs.  The  propellant  for  the  SRBs  is  a  composite-type  solid 
propellant  formulated  of  polybutadiene  acrylic  acid  acrylonitrile  terpolymer 
binder,  ammonium  perchlorate,  and  aluminum  powder.  A  small  amount  of  burning 
rate  catalyst  (iron  oxide)  is  added  to  achieve  the  desired  propellant  burning 
rate.  The  propellant  is  in  four  segments;  Figure  Cl(S)-21a  shows  the  segments 
and  their  lengths.  The  propellant  in  the  forward  segment  weighs  299,000 
pounds;  in  each  of  the  two  center  segments,  272,000  pounds;  and  in  the  aft 
segment,  266,000  pounds.  The  total  propellant  weight  in  both  SRBs  is 
2,218,000  pounds.  Each  SRB  provides  2.9  million  pounds  of  thrust  at  sea  level. 

The  higher  thrust  level  required  during  the  lift-off  portion  of  the  Shuttle 
flight  results  from  increased  burning  surface  provided  by  the  11-point  star 
configuration  in  the  forward  segment.  After  the  lift-off  portion  of  the 
flight,  the  thrust  is  reduced  with  burnout  of  the  starred  section.  The  thrust 
progress  is  slighter  after  52  seconds.  Reduced  vehicle  acceleration  is 
achieved  by  burning  out  the  aft  most  portion  of  the  aft  segment  and  the 
programmed  burnout  of  slivers  in  all  four  segments. 

The  nozzle  of  the  SRM  is  gimbaled  for  steering  with  hydraulic  actuators.  The 
hydraulic  power  supply  for  the  TVC  subsystem  consists  of  hydrazine-fueled  APUs 
on  each  SRB.  The  SRB  TVC  subsystem  works  in  conjunction  with  the  TVC  system 
for  the  SSMEs  and  provides  the  preponderance  of  gimbal  authority  for  the 
Shuttle  during  the  first  stage  flight.  Pitch,  roll,  and  yaw  commands  are 
provided  by  the  Orbiter  flight  control  system. 

C1(S).1.2.4.3  Orbital  Maneuvering  Subsystem  Engines.  The  OMS  engines  use  the 
hypergolic  propellants  MMH  (fuel)  and  N20;*  (oxidizer).  There  are  two  OMS 
engines  on  the  Orbiter.  They  are  in  pods  at  the  top  of  the  aft  fuselage,  one 
on  each  side  of  the  vertical  tail.  The  nominal  thrust  of  each  engine  is  6000 
pounds.  The  nominal  engine  chamber  pressure  is  125  Ib/in^.  The  nozzles  are 
gimbaled  for  steering,  with  electromechanical  actuators.  The  OMS  propellant 
tanks  in  the  two  pods  can  carry  enough  propellant  for  a  change  in  velocity  of 
1,000  feet  per  second  when  the  vehicle  carries  a  payload  of  65,000  pounds. 
Crossfeedlines  connect  the  propellant  tanks  in  the  two  OMS  pods,  so  that 
propellants  from  either  pod  can  run  either  engine.  Also,  the  RCS  thrusters 
can  burn  propellants  from  the  OMS  tanks.  Figure  shows  an  OMS  engine  pod, 
which  also  contains  parts  of  the  RCS. 

C1(S). 1.2.5  SRB/ET  and  ET/Orbiter  Separation.  This  section  describes  the 
mechanisms  for  separating  the  SRBs  from  the  ET  and  the  ET  from  the  Orbiter. 

On  a  nominal  flight,  the  SRBs  will  separate  from  the  tank  about  2  minutes 
after  lift-off,  and  the  tank  will  separate  from  the  orbiter  about  9  minutes 
after  lift-off. 

Basically,  the  way  of  separating  the  SRBs  from  the  ET  is  to  fracture  four 
separation  bolts  on  each  SRB  and  to  propel  the  SRBs  from  the  ET  by  eight  solid 
rocket  thrusters  on  each  SRB.  Figure  Cl(S)-25  shows  the  separation  bolts  and 
separation  thrusters. 


The  primary  mode  for  initiating  the  SRB  separation  sequence  is  accomplished 
when  the  chamber  pressure  of  both  SRBs  is  equal  to  nr  less  than  50  psig. 
Separation  cue  monitoring  is  initiated  at  To+105  seconds,  and  the  Orbiter 
General  Purpose  Computers  (GPCs)  will  issue  an  SRB  separation  cue  plurality 
signal  when  the  voting  logic  has  detected  two  pressure  cue  signals  from  both 
the  left  and  ri^ghfc  SRBs/  A  backup  cue  is  used  if  the  primary  separation  cue 
should  malfunction.  This  backup  cue  is  based  upon  mission  elapsed  time  of 
approximately  130.6  seconds  from  lift-off.  SRB  release  (mechanical  and 
electrical)  is  initiated  A.O  seconds  after  start  of  the  separation  sequence  if 
the  separation  conditions  criteria  of  dynamic  pressure,  roll  rate,  pitch  rate 
and  yaw  rate  are  not  exceeded;  otherwise  the  separation  is  inhibited  until  the 
required  conditions  are  within  acceptable  limits.  The  crew  has  the  capability 
of  overriding  the  inhibits.  Manual  separation  can  be  achieved  if  either  the 
primary  separation  cue  (two  chamber  pressure  cue  signals  from  each  of  the  left 
and  right  SRBs)  or  backup  separation  cue  (mission  elapsed  time  of 
approximately  130.6  seconds  from  lift-off)  has  been  achieved. 

The  forward  attachments  between  the  SRB  and  the  ET  are  mated  fittings  held 
together  by  a  separation  bolt.  At  separation.  National  Aeronautics  and  Space 
Administration  (NASA) -standard  initiator  pressure  cartridges  at  the  ends  of 
the  separation  bolt  fire,  and  the  resulting  pressure  wave  drives  pistons  to 
break  the  bolt.  Operations  of  either  cartridge  on  the  bolt  will  break  it. 

The  aft  attachments  are  similar,  and  they  work  in  a  similar  way.  There  are 
three  separation  bolts  in  the  aft  attachments. 

The  solid  propellant  thrusters,  four  forward  and  four  aft  on  each  SRB,  propel 
the  SRBs  away  from  the  ET.  Each  solid  propellant  thruster  gives  a 
23,000-pcund  thrust. 

The  method  used  to  separate  the  Orbiter  from  the  ET  is  to  fracture  one  bolt 
and  eight  nuts  to  sever  structural  and  umbilical  connections,  and  to  use  the 
RCS  to  propel  the  Orbiter  away  from  the  tank.  Figure  Cl(S)-26  shows  the 
separation  mechanism. 

The  forward  attachment  between  the  Orbiter  and  the  ET  is  a  spherical  bearing 
with  an  attach-bolt.  Firing  either  of  two  pressure  cartridges  on  the  bolt 
will  break  it.  There  are  two  structural  attachments  aft,  one  on  the  left  and 
one  on  the  right.  Firing  either  of  two  pressure  cartridges  on  each 
attach-bolt  will  break  the  frangible  nut  and  release  the  bolt.  There  are  two 
umbilical  attachments  aft,  one  on  the  left  and  one  on  the  right.  Each 
attachments  contains  three  attach-bolts,  and  firing  either  of  two  pressure 
cartridges  on  each  bolt  will  break  the  frangible  nut  and  release  the  bolt. 

Cl (S). 1.2,6  Pressure  Tanks.  This  section  describes  the  pressure  tanks  in 

the  Orbiter,  the  ET,  and  the  SRBs.  The  Orbiter  carries  many  pressure  tanks. 
Table  Cl(S)-2  lists  them,  and  Figure  Cl(S)-29  shows  their  locations.  The 
index  numbers  on  the  table  refer  to  the  circled  numbers  on  the  figure. 

The  ET  carries  two  pressure  tanks,  which  together  essentially  are  the  ET. 

Each  one  by  far  dwarfs  all  the  tanks  in  the  Orbiter.  The  LOX  tank,  at  the 
forward  end  of  the  ET,  is  made  of  aluminum  alloy.  Its  volume  is  19,500  ft^, 
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and  its  maximum  relief  pressure  is  37  Ib/in^.  Besides  the  two  tanks,  there 
are  feedlines  carrying  propellants  under  pressure,  which  run  on  the  outside  of 
the  ET  on  the  side  toward  the  Orbiter.  Figure  Cl(s)-15  shows  the  two  tanks  of 
the  ET. 

Each  SRB  carries  several  pressure  tanks,  which  are  parts  of  the  hydraulic 
power  supply  systems  of  the  SRB.  Two  tanks  on  each  SRB  hold  hydrazine,  the 
fuel  for  the  APUs.  Figure  Cl(S)-30  shows  a  hydrazine  tank  on  an  SRB  as  part 
of  the  TVC  subsystem,  and  Figure  C1(S)-16  shows  the  location  of  the  TVC 
subsystems  on  an  SRB. 

C1(S).1.2.7  Orbiter  Reaction  Control  Subsystem.  This  section  describes  the 
RCS  of  the  Orbiter. 

The  RCS  employs  38  bipropellant  primary  thrusters  and  6  vernier  thrusters  to 
provide  attitude  control  and  three-axis  translation  during  the  orbit 
insertion,  on-orbit,  and  entry  phases  of  flight. 

The  RCS  consists  of  three  propulsion  units,  one  in  the  forward  module  and  one 
in  each  of  the  aft  propulsion  pods.  All  modules  are  used  for  ET  separation, 
orbit  insertion,  and  orbital  maneuvers.  Only  the  aft  RCS  modules  are  used  for 
entry  attitude  control. 

The  RCS  propellants  are  N2O/,  and  MMH.  The  design  mixture  ratio  of 
propellants  allows  the  use  of  Identically  sized  propellant  tanks  for  both  fuel 
and  oxidizer.  The  nominal  propellant  capacity  of  the  tanks  in  each  module  is 
928  pounds  of  MMH  and  1A77  pounds  of  N2O4.  An  interconnect  between  the 
QMS  and  the  RCS  in  the  aft  pods  permits  the  use  of  OMS  propellant  by  the  RCS 
for  on-orbit  maneuvers.  In  addition,  the  interconnect  can  be  used  for 
crossfeeding  propellants  between  the  right  and  left  hand  RCS  pods. 

The  thrust  of  each  primary  thruster  is  870  pounds  (in  vacuum),  and  the  thrust 
of  each  vernier  thruster  is  2A  pounds  (in  vacuum).  Figure  C1(S)-31  shows  the 
RCS. 

C1(S).1.3  KSC  LAUNCH  SITE 

The  Space  Shuttle  launch  site  at  KSC  is  described  in  this  section.  Figure 
Cl(S)-32  is  a  map  of  KSC  and  Cape  Canaveral  Air  Force  Station  (CCAFS).  The 
map  shows  the  runway  for  Orbiter  landings;  the  VAB  where  the  Shuttle  will  be 
mated  on  a  mobile  launch  platform;  and  launch  pads  39A  and  39B.  These  two 
launch  pads  are  shown  in  greater  detail  in  Figures  Cl(S)-33  and  Cl(S)-34. 
Figure  Cl(S)-35  gives  a  detailed  view  of  the  area  around  the  VAB. 
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Table  Cl(S)-l  Typical  lUS/Planetary  Mission  Event  Timeline 


Event 

Time  (Hr:Min:S) 

SSME  Ignition 

-0:00:06.6 

SRB  Ignition  Command 

0:00:00 

First  Motion/Lif t-Off 

0:00:00.24 

Begin  Roll  Program  (V=125  fps) 

0:00:07 

End  Roil  Program  (V=300  fps) 

0:00:15 

Begin  First  Throttle  Down  (V=>428  fps) 

0:00:20 

Begin  Second  Throttle  Down  (V=716  fps) 
(Optional ) 

0:00:31 

Begin  Throttle  Up  (V=1599  fps) 

0:01:08 

SRB  Separation 

0:02:05 

3G  Throttling  Begins 

0:07:39 

MECO  Command 

0:08:34 

Zero  Thrust 

0:08:40 

ET  Separation 

0:08:52 

OMS-1  TIG 

0:10:34 

OMS-1  Cutoff 

0:13:22 

OMS-2  TIG 

0:46:10 

OMS-2  Cutoff 

0:48:29 

Open  Paylj  c  oay  Doors 

1:15:00 

IMU  Realinement 

3:00:00 

Meal 

4:00:00 

lUS/Spacecraf t  Checkout 

5:00:00 

lUS  Deploy 

6:40:00 

lUS  Engine  T,  "tion 

7:20:00 
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Table  Cl(S)-2.  Pressure  Tanks  in  Orbiter  (next  U  pages) 


# 
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(a)  Index  numbers  refer  to  circled  numbers  on  Figure  CI(S)-29 

(b)  Also  in  main-engine  feed  lines. 


Table  Cl(S)-2.  Pressure  Tanks  in  Orbiter  (Cent.) 
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(a)  Index  numbers  refer  to  circled  numbers  on  Figure  CI(S)- 

(b)  Also  in  main-engine  feed  lines. 


Table  Cl(S)-2. 
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^a)  Index  numbers  refer  to  circled  numbers  on  Figure  CI(S)-29 
(b)  Also  in  main-engine  feed  lines. 


Table  Cl(S)-2.  Pressure  Tanks  in  Orbiter  (Cent.) 
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SAFETY  PLANS 


The  purpose  of  this  section  is  to  describe  the  plans  Co  protect  personnel  and 
equipment  from  the  consequences  of  STS  failures.  Four  major  subsections  cover 
Che  safety  plans  for  the  range,  launch/ landing  sice,  Orbiter  and 
contingencies.  This  section  concludes  with  STS  mission/ launch  rules  and  the 
list  of  references  used.  The  references  should  be  consulted  if  further 
details  are  required. 

GI(S).  2.1  Range  Safety 

CI(S).  2.1.1  Introduction 

Range  Safety  is  intrinsic  to  all  missions  flown  on  a  National  Range  such  as 
the  Eastern  Space  and  Missile  Center  (ESMC)  (Reference  I).  It  encompasses  all 
safety  activities  from  design  through  test,  launch,  and  vehicle  flight.  This 
section  deals  primarily  with  that  portion  of  Range  Safety  having  to  do  with 
latinch  and  vehicle  flight.  The  flight  portion  ,«afety  goal  is  to  control  and 
contain  the  flight  of  all  vehicles,  precluding  impact  of  intact  vehicles  or 
pieces  from  an  abort  which  could  endanger  human  life,  cause  damage  to  property 
or  result  in  embarrassment  to  the  U.  S.  Government.  Although  the  risk  can 
never  be  eliminated  completely.  Range  Safety  attempts  to  minimize  the  risks 
while  not  unduly  restricting  the  probability  of  mission  success- 

C I ( S ) .  2.1.2  Ground  Ranae  Safety  Systems  (RSS) 

All  launches  carry  a  flight  termination  systems  which,  in  conjunction  with  the 
ground  transmitter  and  tracking  system,  allows  the  Range  Safety  Officer  to 
control  launch  vehicle  flight  by  shutting  down  thrusting  engines  or  destroying 
a  vehicle  if  it  violates  established  flight  destruct  criteria.  The  ground 
systems'  purpose  is  to  ensure  an  operating  environment  that  permits  iraximum 
flexibility  in  achieving  flight  objectives  while  reducing  the  risk  to 
personnel,  property,  and  the  flight  vehicle  to  an  acceptable  level.  The 
Ground  RSS,  which  provides  the  Range  Safety  Officer  (RSO)  with  the  capability 
for  monitoring  launches  of  the  Shuttle,  is  comprised  of  the  following: 

a.  Range  Safety  Display  System  (RSOS). 

b.  Command /Control  System. 

c.  Vertical  Wire  Skyscreen  (VWS). 

d.  Range  Safety  Closed-Circuit  Television  (TV). 

e.  Real  Time  Telemetry  Display  System. 

f.  Communications  and  Data  Support  Systems. 
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Flight  Vehicle  Range  Safety  System. 


a. .  Each  flight  vehicle  carries  a  Range  Safety  Flight  Termination 

System  (FTS)  which,  when  activated  from  a  ground  signal,  can 
shut  down  thrusting  engines  (not  applicable  to  the  STS)  and/or 
destroy  the  vehicle. 

b.  The  Space  Shuttle  FTS  allows  the  intentional  destruction  of  the 
SRBs  and  ET  if  the  flight  deviates  too  far  from  the  nominal.  On 
command  from  the  Range  Safety  Officer,  Linear  Shaped  Charges 
(LSC)  split  the  two  tanks  in  the  ET  as  well  as  the  cases  of  the 
SRMs. 

The  onboard  systems  for  the  three  elements  (one  ET  and  two  SRBs)  are  connected 
so  that,  if  either  SRB  receives  a  destruct,  all  three  receive  it.  The  system 
in  each  element  is  redundant  (two  parallel  LSCs)  to  assure  reliability. 

Electronically,  each  of  the  SRBs  and  the  ET  carry  a  command  destruct  receiver 
which  will  receive  the  arm  and  destruct  signal  from  the  ground  system. 
Electronically,  the  three  independent  systems  are  cross-strapped  so  that  a 
signal  received  by  one  can  Initiate  destruct  action  not  he  other  two  systems 
as  long  as  normal  separation  has  not  occurred.  The  SRBs  carry  two  receivers 
each  and  the  ET  has  one.  After  inadvertent  separation  of  one  or  both  of  the 
SRBs,  destruct  action  could  still  be  initiated  on  the  separated  solids  and  the 
ET,  unless  the  system  is  damaged.  All  three  would  receive  the  signal  and 
respond,  unless  SRB  separation  is  normal,  in  which  case  the  destruct  systems 
on  the  SRBs  are  safed  prior  to  separation. 

On  the  ET,  one  LSC  is  on  the  LOX  tank,  and  the  other  is  on  the  LH2  tank. 

The  charges  sit  in  the  cable  trays  no  the  outside  of  the  tanks.  The  charge  of 
the  LOX  tank  is  about  8  feet  long;  for  the  LH2  tank  it  is  about  20  feet 
long,  in  two  10-foot  sections.  The  destruct  charges  are  on  the  side  next  to 
the  Orbiter. 

On  each  SRB,  the  LSC  is  about  80  feet  long,  in  six  160-inch  sections  on  the 
upper  three  segments.  The  destruct  charges  sit  in  the  cable  trays  on  the 
outside  of  the  booster  case  on  the  side  away  from  the  ET.  The  LSCs  are 
initiated  (top  down)  to  split  open  the  0.5"  thick  steel  case  so  that  the  top 
three  segments  rapidly  open  up  and  depressurize  (in  10  to  20  ms).  As  observed 
in  recent  accidents  and  accompanying  SRB  destruct  actions  (STS  51L  and  Titan 
3AD-9),  this  causes  the  case  to  "clam"  open  and  accelerate  small  and  large 
fragments  to  hundreds  of  feet  per  second  away  from  the  LSC-cut-line  and  into 
the  ET. 

Based  on  past  experience  and  the  combined  functioning  of  the  ground  and  flight 
portions  of  the  Safety  System,  a  delay  of  at  least  4-1/2  seconds  will  occur 
between  the  time  a  shuttle  vehicle  could  require  destruct  action  and  when  the 
destruct  event  actually  occurs.  With  a  crew  on  board,  it  is  unlikely  that 
this  time  could  be  cut  appreciably  except  under  very  unusxial  circumstances 
where  the  Range  Safety  Officer  (RSO)  could  visually  determine  that  the  launch 
vehicle  was  breaking  up.  In  this  mode,  it  is  possible  that  up  to  a  s;.cond  and 
a  half  could  be  cut  from  the  delay  time. 
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For  many  failure  modes,  such  as  ET  aft  dome  failure,  Orbiter  main  engine 
fires,  SRB  case  burn  through  (not  explosion),  etc.,  there  should  be  enough 
time  for  Range  Safety  action  to  occur.  SRB  case  pressure  rupture,  SSME  engine 
compartment  or  ET  innertank  explosion  will  probably  lead  to  ET  disintegration 
and  destruction  before  range  destruct  action  can  be  taken. 

Therefore,  if  the  vehicle  has  not  already  disintegrated,  most  of  the  more 
probable  Shuttle  failure  modes  will  allow  time  for  Range  Safety  action  prior 
to  ground  impact. 

CI(S).  2.2  Launch/Landing  Site  Safety 

This  subsection  describes  certain  salient  systems/efforts  which  contribute  to 
launch/ landing  site  safety  of  STS  missions  originating  at  KSC.  These  include 
the  launch  processing  system,  the  sound  suppression  water  system.  Gaseous 
Nitrogen  (GN^)  inerting  system,  meteorological  systems,  launch  precautions, 
fire  detection  and  suppression  systems,  hazardous  gas  detection  and  launch 
countdown  abort  procedures. 

CI(S)  2.2.1  Launch  Processing  System 

Launch  of  the  STS-1  on  April  12,  1981  marked  the  first  mission  use  of  the 
Launch  Processing  System  (LPS).  The  LPS  is  a  high-speed,  digital,  computer 
operated  checkout  system  used  to  support  test,  checkout,  launch  control,  and 
operational  management  of  launch  site  ground  operations.  LPS  consists  of 
three  subsystems:  (1)  Checkout,  Control  and  Monitor  Subsystem  (CCMS)  (2) 
Central  Data  Subsystem  (CDS)  and  (3)  Record  and  Playback  Subsystem  (RPS). 

COS  and  RPS  provide  support  for  CCMS  testing  in  the  Firing  Rooms.  Located  in 
the  Launch  Control  Center  (LCC),  the  LPS  was  responsible  for  most  of  the 
orbiter,  tank,  and  booster  checkout.  Specific  technology  accomplishments  in 
CCMS  that  enabled  successful  implementation  of  the  LPS  concept  include 
development  of  the  Subsystem  Operator  Consoles,  the  Common  Data  Buffer 
(COBFR),  the  Processed  Data  Recorder  (PDR)  and  Shared  Peripheral  Area  (SPA), 
and  the  Ground  Operations  Aerospace  Language  (GOAL). 

CKS)  2.2. 1.1  Subsystem  Operator  Consoles. 

Each  subsystem  operator  position  in  a  firing  room  has  its  own  keyboard  and 
visual  display  system.  EAch  group  of  three  keyboard  and  display  systems  is 
considered  a  "console",  and  operates  as  a  unit.  Each  console  can  perform 
several  independent  tests  or  GOAL  procedures  simultaneously.  For  major 
integrated  tests,  all  consoles  are  coordinated  to  work  together  by  an 
integration  console  located  in  the  rear  of  the  firing  room.  Each  console  has 
a  small  computer  and  on-line  disk  storage  capacity  of  80  million  words,  and 
can  hold  all  CCMS  application  procedures  to  be  executed  by  its  operator. 

Checkout  and  launch  functions  of  each  console  can  be  changed,  if  necessary,  by 
reloading  data  from  the  bulk  disk  via  the  Master  Console.  This  provides 
flexibility  and  redundant  capability.  In  addition,  the  independence  of  each 
console  allows  maximum  parallel  testing,  thus  saving  serial  time. 
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LFS  monitors  thousands  of  measurements  on  the  vehicle  and  ground  support 
equipment  simultaneously,  and  compares  them  to  predefined  tolerance  levels. 
Measurements  which  are  displayed  are  defined  by  the  test  engineer  in  the 
application  program  or  through  the  keyboard.  Some  measurements  will  be 
displayed  only  when  they  go  out  of  tolerance.  This  is  termed  "exception 
monitor  capability".  The  monitor  feeds  outputs  to  console  screens  to  display, 
in  various  predefined  colors,  conditions  that  must  be  evaluated  by  the  test 
engineer.  In  many  cases,  these  computers  will  automatically  react  to 
"exception"  conditions  and  perform  saflng  or  other  related  functions  without 
test  engineer  intervention. 

CI(S)  2. 2. 1.2  Common  Data  Buffer  (CDBFR) 

The  CDBFR  is  the  communication  center  for  CCMS.  All  communications  from  one 
computer  to  another  computer  pass  through  the  CDBFR.  The  CDBFR  is  sequenced 
so  that  each  of  the  computers  in  the  network  appear.s  to  be  the  only  computer 
using  the  buffer.  The  CDBFR  can  communicate  with  64  computers  while 
temporarily  storing  data,  messages,  and  commands  along  with  error-correcting 
information.  It  assures  proper  retrieval  of  this  information  even  when  a 
portion  of  the  buffer  is  inoperative  as  a  result  of  failed  hardware.  This 
assembly  is  transparent  to  the  user. 

Error  Correction  Code  (ECC)  is  an  absolute  requirement  to  maintain  system 
integrity.  An  error  is  defined  as  a  bit  transposition  from  a  1  to  a  0  or  vice 
versa.  ECC  is  an  interleaved,  modified  cyclic  code  developed  from  Bose, 
Chaudhoni,  Hocquenghen  (BCH)  code,  called  cyclic  alpha  squared  code.  CDBFR 
hardware  design  requires  ECC  to  perform  the  following  four  functions. 

a.  Correct  single  random  bit  errors,  detect  random  double  bit. 

b.  Correct  at  lease  one  of  any  possible  double  adjacent  bit  errors 
a  hardware  boundary  or  even-odd  bits. 

c.  Detect  at  least  two  of  all  possible  double  adjacent  bit  errors  a 
hardware  boundary  of  even-odd  bits. 

d.  Detect  the  all  I's  and  all  O's  as  uncorrectable  errors. 

Address  errors  are  always  checked  by  the  CDBFR  hardware.  A  CDBFR  failure  in 
the  data  or  command  path  will  be  either  corrected  or  detected.  Corrected  and 
detected  errors  generate  messages  to  the  console  operators.  The  Address 
Validity  Nodule  checks  all  write  instruction  addresses  against  the  predefined 
limits  of  each  CDBFR  port.  An  uncorrectable  or  out  of  limits  address  causes  a 
write  operation  to  abort  and  an  error  condition  to  be  posted  to  the 
responsible  computer.  Single  buffer  failures  can  bring  a  segment  of  the  CDBFR 
to  a  halt.  A  failure  of  the  Stack  Control  Card  prevents  computer-to-computer 
interrupts.  This  condition  prevents  a  console  from  issuing  a  request  for  a 
command  to  a  Front  End  Processor  (FEP),  but  does  not  stop  data  from  being 
written  into  the  CDBFR.  A  complete  Master  Scanner  failure  causes  the  entire 
CDBFR  to  become  inoperable. 
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CI(S)  2.2.1c3  PDR/SPA 


The  processed  Data  Recorder  (FDR)  subsystem  accomplishes  data  storage  for 
realtime  and  post-test  data  retrieval.  It  retains  about  30  minutes  of  test 
data  on  bulk  disk  for  near-realtime  retrieval  on  request  from  a  console.  The 
amount  of  data  recorded  to  disk  varies  with  the  test  activity.  If  there  is 
low  test  activity,  the  disk  could  contain  several  hours  of  data,  while  high 
test  activity  will  cause  as  little  as  fifteen  minutes  of  data  to  be  recorded. 
Tlie  CDBFR  high-speed  First  In,  First  Out  (FIFO)  buffer  sends  data  to  the  FDR 
low-speed  buffer  via  the  external  Direct  Memory  Frocessor.  Data  is  then 
transferred  from  the  FDR  to  bulk  disk.  Information  sent  to  disk  is 
simultaneously  buffered  out  to  tape  as  a  permanent  copy  for  post-test  data 
processing. 

The  Shared  Peripheral  Area  (SPA)  subsystem  is  used  for  near-realtime  data 
playback.  A  console  requests  data  from  the  SPA  enabling  it  to  perform  backup 
recording  functions  if  the  FDR  breaks  down.  CDS  supplements  data  recording 
functions  with  the  Test  Data  Recording  and  Retrieval  (TDR)  subsystem.  The  CDS 
On-Line  Data  Bank  (OLDB)  provides  history  retrieval  of  all  measurements  in 
near-realtime. 

CI(S)  2. 2. 1.4  Ground  Operations  Aerospace  Language 

Applications  programming  of  the  Checkout,  Control,  and  Monitoring  computers 
used  for  the  STS  mission  is  accomplished  using  a  KSC  developed  high-order 
computer  langtiage,  known  as  GOAL.  This  usage  permits  computer  programs  to  be 
compiled  from  functional  statements  as  they  would  appear  in  an  English 
language  test  procedure.  Software  engineering  writes  the  application  programs 
while  hardware  engineering  verifies  the  application  programs  to  ensure  changes 
were  implemented  properly.  Verification  of  application  programs  is  performed 
in  the  Ground  Software  Production  Facility  (GSPF)  using  a  Software 
Verification  Procedure  (SVP),  similar  to  running  an  Operations  and  Maintenance 
Instruction  (OMI)  during  hardware  testing.  Upon  completion  of  verification, 
the  as-run  SVP  is  impounded  by  Software  Quality  Assurance  (SQA).  When  SQA  has 
completed  a  review  of  the  SVP  ar.d  requirements,  the  application  program  is 
considered  verified  and  released  to  hardware. 

CI(S)  2.2.2  Sound  Suppression  Water  System 

A  sound  suppression  water  system  has  been  installed  on  the  pad  to  protect  the 
Orbiter  and  payload  from  deunage  by  acoustical  energy  reflected  from  the  Mobile 
Launcher  Platform  (MLP)  during  launch.  The  orbiter  and  payload  in  the  payload 
bay  is  much  closer  to  the  surface  of  the  MLP  than  the  Apollo  spacecraft  was  at 
the  top  of  a  Saturn  V  or  Saturn  IB  rocket. 

The  system  consists  of  an  elevated  tank,  a  valve  complex,  a  piping  system,  and 
spray  nozzles.  The  valve  complex  consists  of  six  48-inch  butterfly  valves  to 
remotely  control  the  water  flow.  Each  valve  is  actuated  by  a  piston-type, 
double  cyclinder  hydro/pneumatic  actuator.  To  rapidly  establish  a  minimum 
flow  of  500,000  gpm  through  the  pre-liftoff  system,  and  400,000  gpm  through 
the  post-liftoff  system,  at  least  two  pre-liftoff  and  two  post-liftoff  valves 


Cl(S)-28 


must  be  fully  opened  within  A  seconds  after  receiving  opening  commands.  The 
peak  rate  of  flow  from  all  sources  is  900,000  gallons  of  water  per  minute  at  9 
seconds  after  liftoff. 

Acoustical  levels  reach  their  peak  when  the  Space  Shuttle  is  about  300  feet 
above  the  platform,  and  cease  to  be  a  problem  at  an  altitude  of  about  1,000 
feet. 

The  Sound  Suppression  System  (SSS)  has  successfully  supported  all  KSC  launches 
with  no  significant  failures  of  the  SSS.  The  SSS  has  suppressed  any  possible 
damage  to  the  vehicle  or  to  the  payloads  from  the  acoustic  vibration  created 
by  the  vehicle  main  engines.  If  the  SSS  fails  before  main  engine  start  (which 
would  be  detected  by  the  Ground  Launch  Sequencer  software),  the  launch  would 
be  scrubbed.  If  the  SSS  fails  after  main  engine  start  and  before  liftoff, 
possible  damage  would  occur  to  the  vehicle  or  to  the  payload.  There  is  very 
low  probability  of  this  occurring. 

CI(S)  2.2.3  Pad  Environmental  Control  System  (ECS)  GN?  Subsystem 

The  GN2  subsystem  is  used  at  the  pad  to  inert  the  crbiter  with  GN2  during 
critical  tanking  operations.  The  system  interfaces  with  the  air  system  by  way 
of  isolation  valves  to  prevent  GN2  from  entering  the  system  inadvertently 
and  to  isolate  GN2  from  the  cabin  ECS  duct.  There  are  a  minimum  of  two 
isolation  valves  between  the  GN2  and  air  supply  lines  and  the  orbiter  is 
verified  clear  of  personnel  prior  to  switching  from  air  to  GN2.  Software 
safeguards  are  also  incorporated  into  the  system. 

The  GN2  is  used  to  inert  the  orbiter  forward,  payload  bay,  and  aft 
compartments  through  an  onboard  duct  system  consisting  of  three  primary  supply 
lines.  The  orbiter  environment  is  normally  sustained  with  conditioned  air. 
However  during  fuel  cell  tanking  and  pre-launch  tanking  of  the  ET,  the  orbiter 
purge  is  switched  from  air  to  GN2  for  inerting  for  fire  prevention  if  a  leak 
of  cryogens  should  occur.  The  second  purpose  is  to  provide  a  background 
atmosphere  required  by  the  hazardous  gas  detection  system  to  monitor  cryogenic 
systems  for  leaks.  The  GN2  system  is  also  used  in  "standby"  mode  to  provide 
GN2  inerting  to  the  orbiter  during  hypergol  servicing  in  case  a  spill  or 
leak  of  fuel  should  occur.  During  the  final  countdown,  GN2  flow  is  started 
about  two  hours  prior  to  cryogenic  loading  and  continues  through  vehicle 
launch. 

CI(S)  2. 2. A  Meteorological  Systems 

In  addition  to  standard  meteorological  data,  the  following  special 
meteorological  and  instrumentation  data  processing  systems  are  utilized  by  a 
round-the-clock  team  of  Air  Force  meteorologists  at  the  Cape  Canaveral 
Forecast  Facility  (CCFF)  to  provide  required  meteorological  support. 

A  WSR-7AC  weather  radar  has  been  modified  to  provide  volumetric  scan  output, 
including  constant  altitude  plan  position  indicators,  vertical  cuts,  echo  top 
maps,  and  extrapolated  short  range  forecasts. 
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A  Geostationary  Oferational  Environmental  Satellite  System  (GOES)  ground 
station  receives  visible  and  infrared  imagery  for  display  on  the 
Meteorological  Interactive  Data  Display  System  (MIDDS). 

The  MIDDS  provides  computerized  integration  of  the  data  sources  available  to 
the  CCFF  into  a  single  data  base  where  the  various  types  of  data  can  be  molded 
and  displayed  together  for  forecaster  use> 

The  Weather  Information  Network  Display  System  (WINDS)  provides  data  every  5 
minutes  from  16  instrumented  towers,  9  temporary  wind  towers,  and  other 
special  locations.  Parameters  measured  include  wind  speed,  direction,  and 
variation,  temperature,  and  dew  point. 

The  Launch  Pad  Lightning  Warning  System  (LPLWS)  was  designed  to  assist 
forecasters  in  monitoring  impending  and  current  atmospheric  electrical 
activity.  Data  are  sensed  by  3A  field  mills  located  at  the  CCAFS  and  KSC. 

The  field  mills  measure  the  vertical  component  of  the  atmospheric  potential 
gradient  at  ground  level.  The  system  provides  displays  of  the  static  field 
during  periods  without  lightning.  During  lightning  activity,  the  LPLWS 
program  outputs  the  charge  centers  or  source  of  the  lightning  activity  in  the 
cloud. 

The  Meteorological  and  Range  Safety  Support  (MARS)  system  provides  a  user 
within  seconds  of  a  toxic  spill,  a  forecast  of  the  direction  and  distance  that 
the  material  will  take  and  the  toxic  corridor  for  evacuation  to  personnel.  In 
put  to  the  MARS  is  from  the  WINDS,  the  model  used  is  the  Ocean  Breeze  -  Dry 
Gulch  (OBDG). 

Various  computer  models  utilize  meteorological  input  information  to  provide 
data  to  safety  personnel.  In  addition  to  the  OBDG  for  toxic  diffusion, 
routine  models  in  use  include  the  BLAST  for  shock  waves  from  inadvertent 
detonations  and  the  REEDM  for  rocket  exhaust  diffusion.  For  the  Galileo  and 
Ulysses  launches,  a  contractor  is  scheduled  to  run  the  EMERGE  model  to 
forecast  radiological  dispersion  in  case  of  an  accident. 

CI(S)  2.2.5  STS  Launch  Propellant  Loading  Cleared  Areas 

CI(S)  2. 2.5.1  Blast  Danger  Area  Controls 

A  Blast  Danger  Area,  1367  m  (4A85  ft)  radius  around  the  launch  pad  (Figure 
Cl(S)-36)  is  established  from  the  time  liquid  hydrogen  and  liquid  oxygen  are 
loaded  onto  the  STS  vehicle  (approximately  launch  minus  8  hours).  Only 
critical  launch  crews  (i.e.,  flight  crew,  close-out  crew,  and  ice  inspection 
team)  are  permitted  inside  this  area  and  only  the  flight  ciew  is  allowed 
within  the  area  at  launch. 

CI(S)  2. 2.5. 2  Impact  Limit  Line  Controls 

In  addition,  a  Launch  Impact  Limit  Line  (Figure  Cl(S)-36)  is  established  prior 
to  launch  minus  30  minutes.  For  Launch  Complex  (LC)-39A,  it  extends  from  the 
launch  complex  to  4572  m  (15,000  ft)  west  of  the  launch  pad.  Approximately  90 
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personnel  are  located  inside  the  Impact  Limit  Line  supporting  the  launch  and 
they  are  provided  protecti'^e  equipment  (communications,  egress  vehicle,  gas 
mask).  The  Impact  Limit  Line  for  LC-39B  is  the  same  line  as  that  established 
for  LC-39A. 

CI(S)  2.2.6  Fire  Detection  and  Fire  Suppression 

The  Fixed  Service  Structure  (FSS),  Rotating  Service  Structure  (RSS),  and 
Payload  Changeout  Room  (PCR)  are  the  three  primary  areas  of  fire  concern. 
Hydrogen  fire  and  leak  detection  on  the  FSS  and  Mobile  Launch  Platform  (MLP) 
are  also  important.  In  general,  combustible  materials  are  prohibited  on  the 
launch  structures.  Any  combustible  or  flammable  materials/fluids  that  are 
required  in  preparing  the  STS  for  flight  are  restricted  to  those 
type/quantities  that  are  required  to  do  an  8~hour  task. 

The  Fire  Detection  Systems  are  designed  to  provide  early  warning  and  alarm  to 
the  Fire  Services  organization.  If  an  al/.rm  is  received  during  a  major  tesc, 
the  test  team  is  immediately  notified  and  decides  test  related  corrective 
measures . 


Launch  complex  deluge  systems  are  designed  to  extinguish  hydrazine  type  fires 
and  to  prevent  a  fire,  originating  on  a  work  platform  or  structure,  from 
transmitting  to  the  launch  vehicle.  In  addition,  egress  ways  are  provided 
with  a  lower  density  coverage  egress  spray.  Alarm  and  deluge  system  are 
further  discussed  in  subsequent  paragraphs. 


CI(S)  2, 2.6.1  Fixed  Service  Structure 

a.  FSS  Fire  Detection  -  A  manual  system  comprised  of  Fire  Alarm 
Stations  is  provided  along  the  egress  route  of  each  level, 
including  the  Orbiter  Access  Arm  (OAA).  Automation  detection. is 
provided  from  heat  activated  detectors  in  the  White  Room, 
Elevator  Machine  Room,  and  Hammerhead  Crane.  Activation  of  any 
fire  alarm  device  will  ring  fire  alarms  bells  throughout  the  FSS 
and  RSS  structure  and  report  to  the  Fire  Alarm  Control  Panel 
located  inside  the  main  entrance  to  the  Pad  Terminal 
Communication  Room  (PTCR).  From  the  PTCR,  a  fire  alarm  is 
transmitted  to  Safety  (SF)  Control. 


b.  FSS  Fire  Suppression  -  Electrically  operated  manual  deluge  are 
i)rovided  for  the  following  areas: 


1. 

75'  Level 

2. 

155'  Level 

•y 

195'  Level 

u. 

195'  Level 

5. 

255'  Level 
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All  levels  can  be  activated  remotely  from  the  Launch  Control  Center  (LCC),  and 
are  activated  automatically  by  the  Ground  Launch  Sequencer  during  launch 
countdown  (except  OAA  Egress).  In  addition,  the  75',  155',  and  195'  (OAA 
Egress)  levels  can  be  activated  locally  or  from  the  Master  Deluge  Panel  on  the 
launch  pad  surface.  No  fire  alarm  signals  are  initiated  by  water  flow  on  the 
FSS.  Fire  hose  reels  are  provided  for  first-aid  firefighting  on  all  levels. 

CI(S)  2. 2. 6. 2  Rotating  Service  Structure 

a.  Rotating  Service  Structure  Fire  Detection  -  Manual  Pull  Stations 
are  provided  along  all  emergency  egress  routes  leading  from 
various  levels.  In  addition,  automatic  detection  is  provided 
from  heat  actuated  detectors  in  the  Elevator  Machine  Room,  Air 
Handling  Units  (AHU)  rooms  (107*  level),  and  on  the  120'  level. 
Actuation  of  any  fire  alarm  device  will  ring  bells  throughout 
the  FSS  and  the  Rotating  Service  Structure,  report  to  the  Fire 
Alarm  Control  Panel  inside  the  PTCR,  and  transmit  a  signal  to  SF 
control . 

b.  Rotating  Service  Structure  Fire  Suppression  -  Separate  manually 
operated  deluge  systems  are  provided  for  the  Valve  Sleds  not  he 
107'  and  207'  levels  —  both  levels  have  a  Valve  Sled  on  Side  2 
and  Side  A  of  the  structure.  In  addition,  deluge  protection  is 
provided  for  the  Rotating  Service  Structure  Room  located  at  the 
207'  level.  Dual  in-line  manually  operated  valves  are  installed 
for  initiation  of  water  flow.  Each  system  is  provided  with  a 
pressure  switch  for  fire  alarm  reporting.  Fire  hose  reels  fed 
from  the  portable  water  supply  are  installed  on  the  107',  120', 
130'  and  160'  levels. 

CI(S)  2. 2. 6. 3  Payload  Changeout  Room 

a.  PCR  Fire  Detection.  Manual  Pull  Stations  are  provided  at  the 
main  entrances  to  the  PCR  on  the  130*  level.  These  Full 
Stations  are  tied  into  the  Rotating  Service  Structure  fire  alarm 
system  and  perform  in  th*'  same  manner  as  the  Rotating  Service 
Structure  fire  alarm  devices. 


b.  PCR  Fire  Suppression.  A  manually  activated  deluge  system  is 
provided  on  each  platform  level.  Flow  initiated  on  any  level 
will  also  cause  water  to  flow  from  the  ceiling  nozzles  located 
at  elevation  207'.  Dual  in-line  ball  valves  are  incorporated 
into  the  design  at  each  activation  station  to  prevent 
inadvertent  water  flow.  A  pressure  switch  is  installed  on  the 
182'  level  for  fire  alarm  reporting.  Fire  hose  reels  are 
installed  on  each  level,  except  the  130'  level,  for  first-aid 
firefighting  purposes.  These  hose  reels  are  fed  from  the  Firex 
writer  distribution  system. 
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CI(S)  2. 2. 6. 4  Hydrogen  Fire  and  Leak  Detection 

Hydrogen  fire  and  leak  detectors  are  strategically  located  on  the  KSS  and 
mobile  launch  platform.  Activation  of  any  detect'.'*'  transmits  a  signal  to  the 
Firing  Room.  No  fire  alarm  signal  is  initiated. 

CI(S)  2.2.7  Hazardous  Gas  Detection  System  (HOPS) 

The  hazardous  gaf  tection  system  is  used  to  detect  leaking  hydrogen  or 
oxj'gen  in  various  compartments  of  the  Shuttle  and  hydrogen  Tail  Service  Mast 
(TSN).  The  H6DS  is  made  up  of  three  subsystems:  a  mass  spectrometer  which 
detects  what  gases  are  present;  a  sampling  subsystem  which  draws  samples  from 
various  locations  on  the  Shuttle  to  the  mass  spectrometer  for  analysis;  and  a 

control  subsystem  which  directs  the  sampling  and  presents  the  data  to  the 

console  operator.  The  Shuttle  areas  which  can  be  monitored  are  the  ET 
interbank,  the  payload  bay  (at  the  aft  bulkhead),  the  LH2  tail  service  mast, 
the  Orbiter  lower  midbody,  and  the  Orbiter  aft  fuselage.  The  HGDS  can  sample 
only  one  area  at  a  time  but  can  complete  a  sample  from  area  to  area  every  24 
seconds  if  necessary. 

CI(S)  2.2.8  Launch  Countdown  Abort  Modes 

The  countdown  procedure,  OMI  S0007,  contains  three  preplanned  abort  modes 

during  the  critical  time  frame  from  Shuttle  main  engine  start  through 

lift-off.  These  aborts;  RSLS  abort;  Backup  Flight  System  (BFS)  engage;  and 
SRB  holdfire  are  described  below: 

CI(S)  2. 2. 8.1  Redundant  Set  Launch  Sequencer  (RSLS)  abort  can  occur  any  time 
after  Shuttle  main  engine  start  command  Issued  by  the  RSLS  software  through 
T-0.  The  abort  can  be  initiated  by  flight  or  ground  software  surveillance  of 
specific  parameters  or  by  operator  action  at  the  Ground  Launch  Sequencer  (GLS) 
console  or  NTD  console. 

The  abort  will  initiate  GLS  safing  functions.  If  fire  detectors  on  the  MLP 
zero  level  detect  fire,  the  GLS  software  will  automatically  initiate  firex 
water  for  Che  base  heat  shield. 

Significant  GLS  safing  functions  include  Orbiter  Access  Arm  extension,  SRB 
ignition  safing  and  other  necessary  functions  to  establish  a  safe 
configuration.  The  launch  team  can  also  exercise  procedural  options  for 
safing  if  necessary.  After  stable  conditions  are  established,  a  recycle  is 
implemented  by  procedure  and  flight  crew  normal  egress  effected. 

CI(S)  2. 2. 8. 2  -  BFS  engaged  abort  -  a  condition  where  the  Primary  Avionics 
Support  System  (PASS)  GPCs  (General  Purpose  Computers)  have  halted  and  the 
Backup  Flight  System  (BFS)  GPC  which  cannot  support  launch  is  controlling. 

The  launch  team  must  manually  take  the  following  actions  in  sequence: 

a.  SRB  power  down 
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b .  OAA  extend 

c.  ^!aln  engine  shut  down 

d.  APU  shutdown 

e.  GPC  and  launch  data  buss  recovery 

After  the  above  actions  normal  safing  and  recycle  can  be  performed. 

CI(S)  2. 2.8. 3  SRB  Holdfire.  Occurs  if  T-0  is  reached  and  SRB  ignition  did 
not  occur.  The  safing  action  is  basically  similar  to  the  BFS  engage  abort 
response. 

CI(S)  2.3  Orbiter  Safety 

This  section  describes  plans  to  maintain  Orbiter  and  cargo  safety.  The 
Orbiter  has  been  designed  to  recover  safely  from  many  failures.  The  crew  can 
fly  the  Orbiter  back  to  Earth  after  certain  types  of  failures  which  would  doom 
a  conventional,  expendable  launch  vehicle.  A  basic  requirement  for  the 
Shuttle  has  been  for  it  to  withstand  a  failure  and  yet  be  just  as  operational 
as  if  the  failure  had  not  occurred.  It  should  also  be  able  to  tolerate  a 
second  failure  in  a  flight — critical  system  and  still  return  safely  to  Earth. 
There  are  exceptions  to  this  requirement  as  noted  in  the  Orbiter  Critical 
Items  List  (CIL).  The  following  description  of  Orbiter  safety  plans  covers 
four  exigencies:  intact  aborts,  contingency  aborts,  loss  of  critical 
functions,  and  fast  separation. 

CI(S)  2.3.1  Intact  Aborts 

The  Space  Shuttle  Vehicle  is  required  to  have  an  intact  abort  capability  for 
specific  failures  which  might  occur  during  the  powered  ascent  flight  phase 
(liftoff  to  post-MECO  ONS  insertion).  Intact  abort  is  defined  as  safely 
returning  the  Orbiter,  crew,  and  cargo  to  suitable  landing  site.  The  specific 
failures  which  will  result  in  an  intact  abort  are  the  following: 

a.  Complete  or  partial  loss  of  thrust  from  one  SSME 

b.  Loss  of  thrust  from  one  ONS  engine 

c.  Loss  of  two  electrical  power  buses 

d.  Failure  of  two  auxiliary  power  units 

e.  Failure  of  some  life  support  equipment 
These  failures  are  considered  singly  without  combinations. 

Four  basic  abort  modes  have  been  developed  to  provide  continuous  intact  abort 
capability  during  the  ascent  phase:  Return-To-Launch-Site  (RTLS), 
Transatlantic  Abort  Landing  (TAL),  rtbort-Once-Around  (AOA),  and  Abort-to-Orbit 
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(ATO).  The  four  modes  are  available  during  different  segments  of  Che  ascent 
flight  Co  provide  intact  abort  capability.  Figure  CI(S)-37  is  an 
altitude /range  profile  showing  the  relationship  between  RTLS,  TAL,  and  AOA 
aborts.  Figures  CI(S)-38  and  CI(S)-39  show  Che  flight  profile  of  an  AOA  and 
ATOf  respectively.  Figure  CI(S)-A0  shows  Che  overlapping  abort  regions  for  a 
typical  Shuttle  mission  with  an  SSME  failure. 

CI(S)  2. 3. 1.1  RTLS.  The  RTLS  abort  mode  will  be  used  in  the  event  of  an  SSME 
failure  occurring  between  liftoff  and  Che  end  of  Che  predetemined  RTLS 
interval.  However,  when  an  overlap  occurs  between  successive  abort  mode 
intervals,  either  abort  mode  could  be  selected  depending  upon  abort  failure 
conditions.  The  RTLS  abort  mode  is  selected  after  separation  from  the  SRBs 
(second  stage  flight)  even  Chough  Che  SSME  failure  mighi.  have  occurred  in 
first  stage  flight;  the  vehicle  will  continue  accelerating  downrange  with  the 
two  remaining  SSMEs  until  Che  MPS  propellant  equals  the  amount  required  to 
reverse  the  direction  of  flight  and  provide  acceptable  Orbiter/ET  separation 
conditions,  acceptable  £T  impact  location,  and  acceptable  range  to  permit 
gliding  safely  back  to  the  selected  landing  site.  A  typical  earliest 
(liftoff)  and  latest  RTLS  abort  sequence  of  events  are  defined  in  Table 
CI(S)-3.  Figure  C1(S)-A1  is  a  altitude/time  profile  for  RTLS-type  aborts. 
Figure  CI(S)-A2  is  an  altitude /range  profile  for  RTLS-type  aborts. 

CI(S)  2. 3. 1.2  TAL.  The  TAL  abort  mode  will  be  used  for  an  SSME  failure 
between  two  engine  TAL  capability  and  press- Co-MECO.  During  the  RTLS/TAL 
overlap,  TAL  is  preferred  because  it  is  more  tolerant  of  a  second  SSME 
failure.  After  selection  of  the  TAL  abort  select,  the  vehicle  will  accelerate 
downrange  to  the  TAL  MECO  target.  At  abort  select,  Che  QMS  propellant  dump  is 
initiated  to  achieve  the  correct  landing  weight  and  center-of-gravity  for 
entry.  At  an  I-loaded  velocity  (VI=15, 400  ft/s)  the  vehicle  rolls  heads-up, 
which  decreases  ET  heating  and  places  the  Orbiter  in  entry  attitude  prior  to 
MECO  (VIs23,800  ft/s).  After  ET  separation  Che  onboard  computers  are  loaded 
with  Che  entry  flight  software  and  the  Orbiter  glides  to  the  landing  site. 
Landing  sites  change  as  a  function  of  intended  orbit  inclination.  For 
example,  for  orbit  inclinations  near  28  degrees,  Dakar,  Senegal  (on  the  west 
coast  of  Africa)  is  Che  in-plane  landing  site.  For  inclinations  near  57 
degrees,  Zaragoza,  Spain,  is  currently  Che  primary  landing  site.  The  weather 
alternate  landing  site  for  both  of  these  inclinations  is  Moron,  Spain.  There 
is  a  possibility  of  installing  runway  overrun  barriers  at  some  of  the 
TAL/Emergency  landing  sites;  Che  barrier  being  considered  is  a  net,  which 
would  cause  minimal  damage  to  the  Orbiter.  A  typical  TAL  abort  sequence  of 
events  is  defined  in  Table  CI(S)-4. 

CI(S)  2. 3. 1.3  Press-to-MECO  (AOA  or  ATO).  If  an  SSME  fails  after  Press-to 
MECO,  the  Orbiter  continues  to  the  nominal  MECO  target.  On  some  flights,  a 
predetermined  amount  of  ONS  propellant  will  be  dumped  dux  powered  flight  by 
declaring  ATO  shortly  after  the  SSME  failure.  This  weight  decrease, 
accompanied  by  a  small  increase  in  thrust  from  the  OMS  engines,  will  increase 
powered  flight  performance.  After  MECO,  the  energy,  the  OMS  delta-V 
remaining,  and  the  OMS  delta-V  required  for  orbit  are  evaluated.  If  the  OMS 
delta-V  is  insufficient  for  orbit  insertion  and  subsequent  deorbit,  an 
Abort-Once-Around  (AOA)  will  be  performed  with  the  OMS  engines. 


Cl(S)-35 


Table  CI(S)-3  RTLS  Abort  Sequence  of  Events  for  an 
Earliest  and  Latest  SSME  Failure 


Earliest 

Latest 

0 

0 

Lift-off  of  the  Space  Shuttle  Vehicle 

1 

240 

SSME  Failure 

125 

125 

SRB  Separation 

150 

255 

RTLS  Abort  Selected 

312 

255 

OMS  Propellant  Dump  Initiated 

U2U 

255 

Power  Pitch  Around  Initiated 

586 

425 

OMS  Propellant  Dump  Completed 

70k 

579 

tower  Pitch  Down 

721 

594 

MECO 

734 

608 

ET  Separation 

745 

620 

MPS  Dump  Initiation 

765 

640 

Aft  RCS  Propollant  Dump  Initiation 

900 

775 

Aft  RCS  Propellant  Dump  Completed 

865 

740 

MPS  Dump  Completed 

940 

800 

Mach  3.5 

1400 

1260 

Landing 

Cl(S)-36 


Table  CI(S)-A  RTLS  Abort  Sequence  of  Events  for  an 
Earliest  and  Latest  TAL  Abort 


Mission 

Elapsed 

Time  (s) 

EVENT 

Earliest 

Latest 

0 

0 

Lift-off  of  the  Space  Shuttle  Vehicle 

125 

125 

SRB  Separation 

240 

355 

TAL  Abort  Selected 

240 

355 

OMS  Propellant  Dump  Initiated 

480 

415 

Vehicle  Roll-To-Heads  Up  Attitude 

435 

510 

CMS  Propellant  Dump  Completed 

570 

520 

MECO 

588 

538 

ET  Separation 

600 

550 

+X  ARCS  Thruster  Firing  initiated  (Manual) 

605 

555 

+X  ARCS  Stop,  MPS  Dump  Initiated  (Manual) 

635 

585 

MPS  Dump  Stop  (Auto) 

685 

610 

Entry  Flight  Software  Memory  Load 

1650 

1600 

i'lach  3.5 

2100 

2050 

Landing 
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CI(S)  2.3.2 


Contingency  Abort a 


A  contingency  abort  will  result  if  two  SSMEa  fail  prior  to  single  engine  TAL 
capability  or  if  three  SSMEs  fail  prior  to  AOA  capability.  There  is  a 
possibility  of  performing  a  Split-S  abort  to  the  KSC  runway  if  two  or  three 
SSMEs  fail  in  the  first  20  seconds.  If  three  SSMEs  fail  during  the  last  30 
seconds  of  an  ascent,  there  is  sufficient  energy  to  glide  to  a  runway  in 
Africa.  All  emergency  landing  sites  being  considered  are  longer  than  10,000 
feet.  During  the  remainder  of  the  ascent,  a  contingency  abort  will  resulc 
with  the  crew  bailing  out  at  20,000  feet  and  the  Orbiter  impacting  the  water 
at  about  180  kts  with  an  alpha  of  about  IS  degrees;  the  corresponding  vertical 
descent  rate  is  about  80  ft/s. 

CI(S)  2.3.3  Loss  of  Critical  Function 

This  section  lists  certain  types  of  failures  that  would  preclude  either  an 
Intact  or  a  contingency  abort.  The  types  of  failures  that  lead  to  a  loss  of 
critical  function  are:  aft  compartment  explosion,  rupture  or  explosion  of  the 
ET,  burn-through  of  an  SRB,  failure  of  major  structure,  complete  loss  of 
guidance  or  control,  failure  of  one  SRB  co  ignite,  loss  of  thrust  from  either 
SRB,  hardover  condition  of  a  main  engine  or  an  SRB,  failure  to  separate  the 
Orbiter  from  the  ET,  failure  of  the  nozzle  of  an  SRB,  or  premature  separation 
of  an  SRB  from  the  ET. 

CKS)  2. 3. A  Fast  Separation 

Fast  ET  separation  will  be  used  during  a  contingency  abort  following  failure 
of  two  SSMEs  and  prior  to  single  engine  TAL  capability,  or  following  the 
failure  of  three  SSMEs  during  the  first  stage.  It  can  only  be  selected 
manually  by  the  crew  when  software  is  in  Major  Mode  (MM)  102,  103,  or  601. 

Here  MM102  is  first  stage  ascent,  MM103  is  second  stage  ascent,  and  MM60I  is 
powered  RTLS.  The  fast  separation  sequence  will  be  entered  if  ET  separation 
is  initiated  manually  in  MM102  and  MM601,  but  in  MM103  it  will  be  entered  only 
if  a  second  SSME  failure  has  been  confirmed  in  addition. 

The  fast  sequence  shortens  the  time  between  MECO  and  Structural  Release  (SR) 
by  eliminating  some  of  the  timed  intervals  between  commands  which  allowed  the 
first  function  to  be  completed  before  a  succeeding  function  is  commanded. 
Intervals  are  eliminated  in  both  the  SSME  Operations  (OPS)  and  separation 
sequence.  The  SSME  OPS  eliminates  the  interval  between  MECO  and  MECO 
Confirmed.  At  the  latter  event,  the  Separation  Sequencer  is  initiated.  The 
time  from  MECO  to  the  command  ALL  PREVALVES  COMMANDED  CLOSED  is  shortened  from 
nominal  six  seconds  (approximately)  to  about  3.73  seconds.  The  Separation 
Sequencer  is  shortened  by  elimination  of  delays  for  Pyrotechnic  Initiator 
Controller  (PIC)  arm  and  fire,  for  feedline  disconnect  closure,  and  for 
umbilical  door  closure. 

Small  differences  exist  in  the  fast  separation  sequencer  depending  on  the  MM 
in  effect  when  it  is  entered:  if  in  MM103,  the  MPS  gimbals  are  moved  to  the 
dump  position  after  shutdown;  otherwise  they  are  moved  to  the  stow  position. 

Al  po,  if  the  MM103,  the  -2  Cmd  is  issued  one  cycle  prior  to  structural 
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separation;  otherwise  the  -Z  jets  are  fired  at  structural  separation. 

Finally,  if  the  fast  sequence  is  entered  from  MM102,  the  unbilical  doors 
remain  open  and  latched,  and  a  contingency  propellant  dump  is  declared. 
Otherwise,  the  umbilical  doors  are  closed  in  a  normal  sequence  requiring  about 
66  seconds. 

The  fast  separation  sequence  uill  not  be  selected  in  NM102  while  the  SRBs  are 
burning  because  the  Orbiter  will  hang  up  on  the  aft  attach  points  and  break  up 
aero  dynamically.  The  only  planned  use  in  MM102  is  when  the  SRB  chamber 
pressure  has  decayed  to  less  than  50  psi  for  three  SSMEs  failed. 
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Figure  CI(S)-1  Galileo  Launch  Configuration 
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Figure  CI(S)-2  Basic  Mission  Cycle  for  Shuttle 
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Figure  CI(S)-4  Shuttle  Vehicle,  Top  View 
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Figure  CI(S)-5  Shuttle  Vehicle,  Front  View 
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Figure  CI(S)-6  Shuttle  Vehicle,  Back  View 
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Figure  CI(S)-8  Layout  of  Orbiter,  Left-Hand  View 
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Figure  CI(S)-9  Layout  of  Orbiter,  Right-Hand 
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Layout  of  Orbiter,  Top  View 
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Figure  CI(S)-I8 
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Figure  CI(S)-19  Orbiter  Structure,  Top  View 
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Figure  CI(S)-22  Timeline  of  Propellant  Loading  & 
Launch  Countdown  Activities 


Figure  CI(S)-23  Space  Shuttle  MEs 
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Figure  CI(S)-28  Shuttle  SRB  Command  Destruct  Charges 
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Figure  CI(S)-29  Pressure  Tanks  in  Orbiter 
(Circled  Numbers  Correspond  with  Numbers  in  Table  C1(S)- 
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Figure  CI(S)-37  RTLS  &  TAL  Aborts  Altitude  Vs  Range 
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Figure  CI(S)-^1  Altitude  Vs  Time  for  Typical  RTLS  Type  Abort 
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APPENDIX  C2 
TITAN  34D 


C2.0  INTRODUCTION 

The  following  data  were  extracted  from  the  Annotated  Bibliography 
Document,  Ref  No.  015,  and  the  Accident  Risk  Assessment  Report  (ARAR)  for 
Titan  3AD/Transtage,  MCR-82-071,  Feb  1983,  Martin  Marietta  Aerospace, 
Denver,  Space  Launch  System  Division. 

C2.1  GENERAL  DESCRIPTION 

The  T3AD  Common  Core  (T34K  Standard  Airborne  Vehicle,  Cl  No.  T10D34K)  is 
designed  for  maximum  commonality  between  Cape  Canaveral  Air  Force  Station 
(CCAFS)  and  Vandenberg  Air  Force  Base  (VAFB).  The  Common  Core  is 
configured  with  provisions  for  installing  the  unique  airborne  equipment  of 
CCAFS  (Cl  No.  T04D34D)  and  two  solid  rocket  motors.  The  VAFB 
configuration  is  known  as  T34D/Radio  Guidance  System  (RGS)  (SRM).  Two 
configurations  exist  for  CCAFS:  the  T34D/IUS  and  the  T34D/Transtage. 

The  Titan  34D  vehicle  has  evolved  from  the  basic  family  of  Titan  Launch 
Vehicles:  Titan  III  B,  C,  D,  and  E.  The  T34D  is  designed  to  use  existing 
Till  proven  design  to  the  maximum  extent  and  consists  of  a  long  core  Titan 
Stage  I  and  Stage  II.  A  pair  of  f5  l/2-segment  Solid  Rocket  Motors  (SRMs) 
are  strapped  to  Stage  I  to  provide  the  initial  thrust  at  lift-off. 

Stages  I  and  II  of  the  Titan  34D  vehicle  use  the  same  storable  hypergolic 
liquid  propellants.  The  fuel  is  Aerozine  50,  a  50/50  mixture  of  hydrazine 
and  unsymmetrical  dimethylhydrazine  (UDMH),  and  the  oxidizer  is  nitrogen 
tetroxide  (N2O4).  The  use  of  propellants  storable  at  ambient 
temperature  and  pressure  eliminates  the  holds  and  delays  inherent  in 
handling  cryogenic  propellants.  This  feature  gives  Titan  the  demonstrated 
capability  of  meeting  critical  launch  •■'indov/s  within  two  seconds  of  any 
pre-established  time.  The  hypergolic  action  of  Aerozine  50  and  N2O4 
eliminates  the  need  for  an  ignition  system  and  related  checkout  and 
support  equipment. 

C2.2  SYSTEMS  DESCRIPTIONS.  HAZARDOUS  MATERIALS,  SCHEMATICS 

In  referencing  various  parts  of  the  vehicle,  two  reference  systems  are 
used.  They  are  the  vehicle  compartment  designators  and  the  vehicle's 
three-axis  reference  system.  Figure  C2-1  shows  the  alphanumeric 
compartment  designators.  The  compartment  numbers  indicate  the  associated 
stage,  and  the  letters  are  assigned  from  the  top  of  the  stage  down. 

Vehicle  station  orientation  is  also  shown.  It  should  be  noted  that 
positive  is  in  the  downward  direction.  The  vehicle  three-axis  reference 
system  with  respect  to  Launch  Complex-40  (LC-40)  is  depicted  in  Figure 
C2-2.  The  outboard  profile  for  T34D/IUS  in  the  Cape  Canaveral  Air  Force 
Station  configuration  is  shown  in  Figure  C2-3. 
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C2.2.1.  Titan  Stage  0  (Solid  Rocket  Motor) 


Initial  thrust  for  the  Titan  34D  vehicle  is  provided  by  two 
government-furnished  United  Technologies  -  Chemical  Systems  Division 
(UT/CSD)  solid  rocket  motors.  The  solid  rocket  motors  are  also  referred 
to  as  Stage  0.  This  stage  consists  of  two  identical,  segmented,  solid 
propellant  rocket  motors.  These  120 -inch-diameter  motors  are  mounted  180 
degrees  apart  on  the  Titan  liquid-propellant,  long-core  vehicle.  Each 
motor  consists  of  a  forward  closure,  an  aft  closure,  and  five  and  one-half 
segments  (Fig.  C2-4).  The  added  68-inch  solid  motor  segment  has  replaced 
the  structural  spacer,  allowing  the  SUM  forward  attachment  to  mate  with 
the  long-core  vehicle  at  the  same  relative  location  aa  on  the  short -core 
vehicle.  Other  components  include  a  single  six-degree  canted  nozzle,  an 
igniter,  fore  and  aft  solid  propellant  staging  rockets,  and  a 
liquid-injection  Thrust  Vector  Control  (TVC)  system.  The  TVC  injectant, 
nitrogen  tetroxide  (N2O4),  is  carried  in  a  tank  mounted  on  the  side  of 
each  motor  and  is  pressure-fed  into  the  nozzle  exit  section  by  gaseous 
nitrogen. 

The  motor  case  (both  segments  and  closures)  is  constructed  of  D6ac  steel 
that  has  been  heat-treated  to  an  ultimate  strength  of  195,000-220,000 
psi.  Each  joint  is  a  pin-and-clevis  type  held  together  by  240  cylindrical 
pins  and  is  held  in  place  by  a  retaining  strap.  An  0-ring  held  within  the 
joint  maintains  a  propellant  gas  pressure  seal. 

Each  center  segment  con-alns  approximately  72,400  pounds  of  propellant 
consisting  of  powdered  alumintam  fuel,  ammonium  perchlorate  oxidizer,  and  a 
binder  of  polybutadiene  acrylic  acid  acrylonitrile  (PBAN).  The 
case-bonded  propellant  grain  has  a  circular  port,  tapering  10  inches 
through  the  10-foot  length  of  the  segment.  The  forward  end  has  a  smaller 
port.  The  purpose  of  this  taper  is  to  provide  a  10-second  controlled 
tailoff  at  the  end  of  web-action  time.  The  forward  end  of  the  segment  is 
inhibited  from  burning  by  a  rubber  restrictor  bonded  to  the  propellant 
surface.  Silica-filled  butadiene  acrylonitrile  rubber  insulation  protects 
the  motor  case  from  exposure  to  combustion  gases  during  motor  operation. 

The  insulation  is  thickest  in  the  segment  joint  areas  where  there  is  nc 
unburned  propellant  to  protect  the  case  walls. 

The  closures  contain  the  same  type  of  propellant  as  the  segments,  with  the 
forward  closure  having  mounting  provisions  for  the  solid  propellant 
igniter.  The  forward  closure  has  an  eight-point  star  internal  burning 
grain  configuration  instead  of  the  cylindrical  grain  shape  of  the  segments. 

The  forward  closure  Fig.  C2-5,  is  95  inches  long  and  contains  39,100 
pounds  of  propellant.  The  aft  closure  Fig.  C2-6,  contains  approximately 
20,300  pounds  of  propellant  in  a  straight  cylindrical  bore  configuration 
and  projects  64  inches  from  the  segment  joint  to  a  57-incb-diameter  boss 
for  nozzle  attachment. 
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The  propellant  burns  alon^  the  entire  central  port  of  the  SRM  and  on  the 
aft  of  each  segment  between  segments.  The  closures  also  burn  on  their 
ends  with  three  inches  of  clearance  left  between  segments  to  permit  this 
burning.  The  Igniter  burns  for  approximately  one  second  to  fill  the  grain 
bore  with  hot  gas  and  Ignite  the  motor. 

The  SUM  segment  is  described  as  follows: 

SRM  Segment 

Manufacturer  and  Manufacturer's  Part  No.: 

CSD,  A0A376-O1  (A0A376-03-01 ) 

Type  of  Explosive  and  Weight: 

Composite  Propellant  73,400  lb  (73,200  lb) 

Propellant  Composition  (Percentage  by  Weight): 

Ammonium  Perchlorate 
Aluminum  Powder 
PBAN 

Additives 

Propellant  Characteristics: 

Autoignition  Temperature 
Volatile  (toxic)  Vapors 
Static  Electricity 

Grounding  Provisions: 

No  Special  Provisions  Other  Than  Static  Ground  Strap 
Storage  Requirements: 

Relative  Humidity  Uncontrolled 

Temperature  40*F  Min 


68X 

16X 

lOX 

6X 


475*  for  1  hr 
None 

Not  Susceptible 


Classification: 

DOT  Class  B  Solid  Propellant 
Military  -  Class  2  (1.3) 


Tha  SRM  nottle  conaiacs  of  a  throat  section  and  a  two-piece  exit  cone 
assembly.  The  noszle  throat  section  is  made  of  high-density  graphite 
rings  backed  by  a  steel  support  shell  and  silica  insulation  bonded  in  a 
steel  housing.  The  noczle  middle  section  consists  of  graphite  and  silica 
phenolic  liners  bonded  to  a  steel  outer  shell  and  contains  the  thrust 
vector  control  injection  ports.  The  exit  section  is  an  extension  of  the 
silica  phenolic  liner  of  the  middle  section  except  that  its  structural 
shell  is  an  aluminum  honeycomb  sandwiched  between  steel  for  lighter 
weight.  The  three  sections  are  bolted  together  forming  an  assembly 
approximately  11.5  feet  long.  Nozzle  expansion  ratio  is  8:1«  and  the 
half-angle  is  17  degrees. 

Tlte  thrust  vector  control  system  used  for  the  Titan  34D  120-inch  solid 
rocket  motor  provides  side  forces  on  each  motor  in  response  to  command 
signals  from  the  Titan  vc.iicle  flight  control  computer.  Nitrogen 
tetroxide  (N2O4)  is  injected  into  the  nozzle  exit  cone  in  each  of  four 
quadrants  to  provide  side  force  in  any  direction  normal  to  the  flight 
control  system  which  computes,  based  upon  actual  use,  the  amount  of  excess 
injectant  fluid  and  provides  the  necessary  valve  commands  to  dump  it. 

The  Thrust  Vector  Control  (TVC)  tank  is  42  inches  in  diameter  and 
approximately  22  feet  in  length  with  a  total  tank  weight  of  3817  pounds. 

As  illustrated  in  Fig.  C2-7,  this  is  a  single  tank  structure  using  a 
ullage  blowdo%m  system.  The  TVC  tank  has  a  nominal  load  of  8424  pounds  of 
N2O4  and  an  initial  pressure  of  1030  psia  that  reduces  to  a  minimum  of 
450  psia  at  SRM  burnout. 

The  SRM  liquid  injection  TVC  system  is  capable  of  a  vector  angle  of  five 
degrees  and  a  maximum  side  for.e  of  110,000  pounds  per  motor.  The  TVC 
system  has  24  valves  located  at  an  area  ratio  of  3.5:1.  These  valves  are 
uniformly  spaced  o.'.  the  periphery  of  the  nozzle  and  operate  in  groups  of 
six  per  quadrant.  The  valves  modulate  from  zero  position  to  full  open  and 
are  controlled  by  electrical  signals  (0-10  volts)  from  the  core  vehicle. 
Nitrogen  tetroxide  is  supplied  to  the  valves  through  a  toroidal  manifold 
tw  unted  above  them.  A  single  feed  line  transfers  the  TVC  injectant  from 
the  tank  to  the  nozzle  distribution  manifold. 

Translation  rockets  are  mounted  perpendicular  to  the  SRM  centerline  to 
provide  the  required  translation  force  to  move  it  free  of  the  core  engines 
upon  release  of  the  SLJI-to-cote  attachments.  Eight  translation  rockets 
are  mounted  on  each  SFM,  four  forward  and  four  aft. 

The  translation  rocket  is  a  cylindrical  solid-propellant  motor  comprising 
an  aluminiun  c^se,  a  canted  nozzle,  and  a  case-bonded  ir.ternal-burninj 
seven-point  star  propellant  grain,  with  burning  on  the  aft  end.  The  motor 
is  s.x  inches  in  diameter  and  64  inches  long. 

The  propellant  charge  consist^  o>^  a  Folybutadiene  Acrylic  Acid 
Acrylonitrile  (PBAN)  fuel  binder,  ammonium  perchlorate  oxidizer,  and  an 
aluminum  additive.  Nomin.^1  charge  weight  is  45  ^.ounds.  The  rockets  are 
supplied  by  United  Technology  Center  and  have  Ordnance  Item  Niunber 
PD050003-501, 
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Th«  Titan  3^D  solid  rocket  niotors  use  a  variety  of  ordnance  devices  to 
actuate  certain  internal  systems  and  motor  functions.  The  ordnance 
devices  include  motor  igniter  and  motor,  separation  rockets,  and  destruct 

charges. 

Ordnance  devices  will  be  received,  stored,  and  inspected  by  either  United 
Technologies  Corporation  (UTC)  or  the  Air  Force  Eastern  Test  Range  (AFETR) 
Range  Contractor  prior  to  being  installed  or  assembled  in  the  SRM.  Work 
Involving  ordnance  materials,  propellant,  and  pressurized  systems  are 
performed  in  accordance  with  detailed  procedures,  as  in  all  work  performed 
on  the  solid  motors.  The  procedures  detail  all  requirements  for 
performance  of  each  task,  including  specific  safety  requirements  if 
appropriate.  The  completed  procedures  become  part  of  the  records  showing 
completion  of  each  solid  motor  assembly. 

All  solid  propellants  used  in  the  booster  are  Class  2  and  are  a  fire 
hazard  if  ignited.  They  cannot  be  extinguished  with  normally  available 
fire  extinguishing  equipment.  If  sufficiently  confined  in  a  closed 
container,  the  reacting  propellant  can  overpressurize  the  container  and 
create  an  explosion  that  may  cause  damage  by  both  blast  and  projected 
debris.  Partial  confinement  in  a  vessel,  such  as  in  an  assembled  motor, 
may  result  in  propulsiveness  rather  than  an  explosion.  Detonation  of  the 
propellant  in  the  configurations  present  in  the  Titan  34D  system  has  never 
occurred. 

Prevention  of  propellant  ignition  is  essential.  Ignition  of  the 
propellant  will  result  from  direct  contact  with  even  a  very  small  flame. 

It  can  be  ignited  by  heat  ge.-^erated  by  frictional  rubbing  of  the 
propellant  and  by  heat  generated  from  sudden  impact  between  two  surfaces 
of  hard  material  (such  as  metal  and  metal  or  metal  and  concrete). 

Ignition  by  static  electrical  spark  has  never  been  experienced,  and 
laboratory  efforts  to  ignite  it  by  this  means  have  been  unsuccessful. 

Table  C2-1  presents  pertinent  information  on  the  ordnance  devices. 
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Table  C2-1 

Titan  34D  SRM  Ordnance  Items 


DESCRIPTION  CLASS^  CATEGORY^  QTY  PEr3 

FLIGHT 


PURPOSE  OF 
DEVICE 


1 

SRM  Segment, 
solid  grain 

2 

(1.3) 

2 

SRM  half 
segment,  solid 
grain 

2 

(1.3) 

3 

SRM  Forward 
Closure 

0 

<• 

(1.3) 

• 

4 

SRM  aft  closure 
solid  grain 

2 

(1.3) 

— 

5 

Igniter/ 

initiator 

3 

(1.2) 

*• 

6 

S/A  device, 
ignitor 

3 

(1.2) 

A 

7  S/A  device,  3  (1.2)  A 

destruct  (motor) 


8  LSC  destruct  7  (1.1) 

(motor) 


9  Jumper  3  (1.2) 

fuse,  destruct 
(SRM/TVC) 


10  Propulsion 

2  Propulsion 


2  Propulsion 

2  Propulsion 

4  Ignite  the  SRM 

2  Receive  the 

ignition  signal 
and  ignite  the 
igniter 
initiator 

2  Receive  destruct 

signals  and 
detonate 
destruct 
transfer  fuses 
(harnesses) 

12  Cut  linear  strip 

from  each 
segment  and 
allow  exhaust 
gases  to  escape 
and  internal 
pressure  to 
decrease  rapidly 
20  Transmit 

detonation  wave 
(destru' t ) 


1C 

Transfer  fuse,  3  (1.2) 

destruct  (motor) 

2 

Provide 

explosive  link 
to  the  LSCs 
from  the  S/A 
device 

11 

LSC  destruct  7 

(TVC) 

4 

Cut  linear  strip 
from  N204  tank 
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Table  C2-1 

Titan  3AD  SRM  Ordnance  Itema 
(Continued) 


ITEM  DESCRIPTION  GLASS ^  CATEGORY^  qtY  PER3  PURPOSE  OF  DEVICE 

FLIGHT 


12  Tube,  explosive  3  (1.2) 
harness 


13  Staging  rocket  3  (1.2) 
motor 


U  Igniter,  3  1.2)  A 

staging  rocket 
motor 


2  Transmit 

detonation  wave 
(destruct  from 
motor  destruct 
system  co  ??  of 
TVC  destruct 
system 

16  Provide  thrust  to 

rotate  and 
propel  SRMs  away 
from  core  at 
separation 

16  Ignite  staging 

rocket  motor 


(1)  Military  explosive  classification  per  AFM  127-100 

(2)  Category  A  device  -  EEDs  which  by  expenditure  of  own  energy  or 
initiation  of  chain  of  events  may  cause  injury  or  death  to  people  or 
damage  to  property 

(3)  Two  SRMs  per  flight 
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C2.2.2  Titan  Stage  I 


Th«  Titan  .lAD  Stage  I  alrtrame  (Fig.  C2-8)  la  an  all-alunlnum  structure 
designed  to  contain  propellants,  provide  support  for  SRMs  and  Stage  I 
subsystems,  and  support  the  upper  stages.  It  also  contains  attachments 
for  the  solid  rocket  motors  and  distributes  thrust  loads  from  all 
propulsion  systems. 

The  Titan  Stage  I  airframe  structure  consists  of  an  extended  fuel  tank 
with  its  longernn  and  skirt  sections,  an  extended  oxidlxer  tank  and  Its 
skirt  sections,  and  an  engine  heat  shield.  The  combined  extension  of  the 
fuel  and  oxidicer  tanks  is  approximately  68  inches  longer  than  the  TIIIC 
configuration. 

The  fuel  tank  assembly  consists  of  an  extended  fuel  tank  with  forward  and 
af''  skirt  assemblies  and  an  engine  mount  truss  at  the  apex  of  the  tank 
conical  bottom.  Tho  fuel  tank  wall  also  serves  as  the  vehicle's  exterior 
skin.  The  tank  proper  Is  an  all -welded  aluminum  unit  with  stringer  and 
frame-reinforced  walla,  conical  bottom,  and  an  elliptical  dome  top. 

Special  extruded  framea  join  the  tank  walla  to  the  top  and  bottom. 

Through  the  center  of  the  Titan  Stage  I  fuel  tank  Is  a  l3-lnch-diaffleter 
conduit  which  allows  passage  of  the  oxidizer  feed  line  to  the  engines. 

The  oxidizer  tank  assembly  Includes  the  extended  oxidizer  tank  with 
forward  and  aft  skirts.  The  forward  tank  structure  is  similar  to  thu  fuel 
tank's  forward  dome.  However,  the  oxidizer  tank  bottom  is  an  inverted 
dome  rather  than  a  cone. 

C2.2.2.1  Propellant  Feed  System  -  The  propellant  feed  system  for  Titan 
Stage  I  is  Illustrated  in  Figure  C2-9.  Both  fuel  and  oxidizer  lines 
terminate  at  a  set  of  electrically  operated  reclosable  prevalves. 
Propellants  are  loaded  into  the  vehicle  tanks  through  manually  operated 
disconnects  above  the  prevalves.  The  Titan  Stage  I  engine  feed  system 
also  includes  a  set  of  toroidal  accufliuiafors  in  the  fuel  feed  lines  and 
oxidizer  metal  bellows  accumulators  in  the  oxidizer  feed  lines.  These 
accumulators  are  designed  to  dampen  pressure  surges  to  the  turbopump 
assembly  and  thus  reduce  the  longitudinal  vehicle  oscillation  "POGO" 
effect  between  the  engine  and  the  airframe. 

Propellant  tanks  must  be  pressurized  to  mainc  in  sufficient  inlet  pressure 
to  the  engine  pumps  for  proper  pump  operation.  The  tanks  are  pressurized 
with  gaseous  nitrogen  prior  to  engine  start.  The  engine  autogenous 
(self-generating)  system  supplies  pressurized  gas  to  the  tanks  at  a 
controlled  rate  to  make  up  for  the  removal  of  propellant  from  the  tanks. 
The  fuel  tank  is  pressurized  by  gas  from  the  turbine  inlet,  and  the 
oxidizer  tank  is  pressurized  by  oxiclzer  that  has  been  heated  to  a  gaseous 
state  by  heat  exchangers  in  the  turbine  exhaust  stack. 


C2-8 


C2.2.2.2  Stage  I  Engine  (LR87AJ-11)  -  Titan  Stage  I  propulsion  is 
provided  by  two  government-furnished  Aerojet  liquid  rocket  engines, 
(LR87AJ-11).  The  individual  engines,  designated  Subassembly  1  and 
Subassembly  2,  are  designed  to  operate  simultaneously  under  a  single 
control  system. 

A  summary  of  nominal  engine  performance  data  is  given  below: 


Altitude  Thrust 
Altitude  Specific  Impulse 
Total  Flow  Rate 
Oxidizer  Flow  Rate 
Fuel  Flow  Rate 
Mixture  Ratio 
Operating  Cycle 
Expansion  Ratio 


529,000  lb 
301.1  sec 
1,727  Ib/sec 
1,135  Ib/sec 
592  Ib/sec 
1.91 
165  sec 
15:1 


The  engine  is  hydrnallcally  balanced  and  requires  no  thrust  controls.  It 
is  preset  to  operate  at  a  certain  level  (i.e.,  consume  propellant  at  a 
fixed  rate)  by  the  use  of  orifices.  The  steady-state  level  is  determined 
by  balance  orifices  in  the  propellant  discharge  lines  and  cavitating 
Venturis  in  the  gas  generator  bootstrap  lines.  The  propellant  flow  rate 
established  by  the  discharge  line  orifices  is  a  function  of  both  upstream 
and  downstream  pressures.  The  cavitating  venturi  establishes  a  propellant 
flow  rate  that  is  sensitive  only  to  up-stream  pressure,  maintaining  a 
constant  flow  rate  over  a  wide  range  of  downstream  pressures.  This 
controlled  propellant  flow  rate  to  the  gas  generator  results  in  a 
stabilized  turbine  speed. 

The  Titan  Stage  I  engine  consists  of  the  following  major  components  and 
subsystems:  pump  suction  (inlet)  lines,  turbopump  assemblies  .  pump 
discharge  lines,  thrust  chamber  valves,  gas  generator  systems,  thrust 
chambers,  autogenous  pressurization  system,  control  and  instrumentation 
harnesses,  and  engine  frame. 


Suction  lines  duct  the  fuel  and  oxidizer  from  the  propellant  tank  lines  to 
the  turbopump  assemblies,  each  of  which  is  driven  by  a  turbine  rated  at 
over  5000  horsepower.  The  fluid  pressure  is  increased  through  the  pumps 
by  over  1000  psi  to  force  the  propellant  through  the  discharge  lines  to 
the  injector  and  into  the  combustion  chamber.  A  portion  of  this 
propellant  flow  is  routed  to  the  gas  generator  to  drive  the  turbines  to 
maintain  pump  operation.  Combustion  in  the  thrust  chambers  produces  gas 
at  pressures  over  800  psia  and  temperatures  over  5000*F.  This  gas  is 
expanded  through  a  convergent-divergent  (DeLaval)  nozzle  and  exhausted  at 
supersonic  velocity  to  produce  thrust.  Thrust  vector  control  (pitch,  yaw, 
and  roll)  is  achieved  by  pivoting  the  thrust  chambers  independently  on 
gimbal  bearing  mounts.  The  gimbal  action  of  the  thrust  chambers  is 
provided  by  hydraulic  actuators  operating  in  response  to  signals  from  the 
launch  vehicle  flight  control  systen . 
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An  electrical  control  harness  carries  signals  to  start  and  shut  dovm  the 
engine,  and  an  instrumentation  harness  carries  information  from  the 
various  engine  transducers  to  the  vehicle  for  transmission  of  engine 
performance  data  to  ground  stations. 

Prior  to  intended  use  of  the  LR87AJ-11  rocket  engine,  prevalves  in  the 
propellant  tank  lines  immediately  above  the  engine  interface  prevent 
propellant  from  entering  the  engine  system.  This  allows  early  loading  of 
propellant  tanks  before  launch  while  still  protecting  the  engine  systems 
from  propellant  contamination.  During  the  countdown,  an  arming  signal  is 
supplied  to  the  launch  vehicle,  which  signal  opens  the  prevalves  and 
allows  fuel  and  oi.idizer  to  fill  the  engine. 

Opening  of  the  electrically-operated  prevalves  places  the  engine  in  the 
fill  and  bleed  condition  as  shown  in  Figure  C2-10.  Both  fuel  and  oxidizer 
fill  the  engine  above  the  thrust  chamber  valves  because  of  the  static 
pressure  of  the  propellants  in  the  tanks  above  the  engine.  Air  entrapped 
in  the  oxidizer  lines  travels  through  3/8-inch  flex  lines  up  into  the 
oxidizer  tank.  Air  removal  from  the  fuel  lines  must  be  complete,  as  fuel 
hydraulic  pressure  actuates  the  thrust  chamber  valves  at  engine  start. 
Smooth  operation  of  the  valves  depends  upon  a  hydraulically  hard  system. 
Therefore,  the  fuel  system  is  bled  full  rather  than  allowing  entrapped  air 
to  bubble  out  under  gravitational  forces  as  in  the  case  of  the  oxidizer 
lines. 

The  fuel-operated  valve  actuation  system  consists  of  a  rod  and  piston 
mechanically  linked  to  the  Thrust  Chamber  Valves  (TCV)  held  closed  by 
springs  and  opened  by  fuel  pressure  and  acts  as  a  pilot  valve  to  the  TCV 
actuator. 

While  in  the  bleed  position  the  Pressure  Sequencing  Valve  (PSV)  diverts 
the  fuel  into  and  through  the  closing  side  of  the  TCV  actuator,  through  a 
1/4-inch  stainless  steel  vent  line  to  an  overboard  manifold  mounted  on  the 
PSV,  and  out  an  overboard  drain  line  through  a  check  valve  which  serves 
only  to  protect  the  PSV  from  contamination.  A  bleed  orifice  located  in 
the  drain  line  and  PSV  manifold  connection  controls  the  bleed  rate  to 
approximately  1200  cubic  centimeters  per  minute  per  subassembly.  As  long 
as  the  engine  remains  in  the  fill  and  bleed  condition,  fuel  is  bled 
overboard  in  the  manner  and  at  the  rate  described.  Minimum  bleed  duration 
prior  to  engine  start  is  30  seconds. 

Start  Sequence  is  shown  in  Figure  C2-11.  After  completing  the  bleed 
cycle,  the  engine  is  ready  for  operation.  Titan  Stage  I  ignition  occurs 
approximately  112  seconds  after  lift-off  during  SRM  burn.  The  start 
signal.  Fire  Switch  1  (FS-1),  applies  28  Vdc  to  the  initiator  charges  of 
the  solid  propellant  start  cartridges  mounted  on  the  turbine  inlet 
manifold  of  each  subassembly  and  initiates  separation  of  the  exit  closure 
from  the  ablative  skirt.  The  start  cartridge  solid  propellant  ignites  and 
supplies  gas  to  the  turbines,  causing  them  to  accelerate.  The  turbine 
shaft  of  each  subassembly  is  connecced  through  a  gear  train  to  the  fuel 
and  oxidizer  pump  so  that  pump  operation  also  begins.  Because  the  thrust 
chamber  valves  are  closed,  no  propellant  flows,  and  pump  acceleration 
produces  only  an  increasing  pressure  in  the  discharge  lines  and  valve 
actuation  system. 
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C2.2.3  Titan  Stage  II 


The  Titan  Stage  II  airframe  structure  (Fig.  C2-8)  consists  of  the  fuel 
tank,  its  skirt  sections,  and  the  oxidizer  tank  and  its  skirt  sections. 

The  fuel  tank  assembly  consists  of  three  major  sections:  the  fuei  tank, 
fuel  tank  aft  skirt,  and  fuel  tank  forward  skirt.  The  fuel  tank  is  an 
all-welded  unit  with  a  machined  barrel  section,  a  dome  bottom  with  engine 
mount  attachment,  a  dome  top,  and  an  oxidizer  passage  conduit. 

The  oxidizer  tank  is  similar  in  construction  to  the  fuel  tank  assembly. 

The  tank  barrel  is  approximately  21  inches  long  and  consists  of  four 
machined  panels.  All  machining  is  on  the  inner  surface  and  has  tha  same 
diagonal  cross-grid  pattern  as  the  fuel  tank  skins.  The  aft  dome  assembly 
is  similar  to  the  aft  dome  of  Titan  Stage  I  oxidizer  tank.  The  center  cap 
has  a  six- inch-diameter  outlet.  The  aft  skirt  assembly  is  similar  in 
design  to  the  aft  skirt  of  the  Titan  Stage  I  fuel  tank.  The  skirt  is 
approximately  55  inches  long  and  is  reinforced  by  36  stringers  and  three 
ring  frames.  Attachment  points  are  provided  in  the  interface  structure 
for  mounting  of  four  retrorockets . 

Three  solid  propellant  retrorockets  are  located  around  the  aft  end 
exterior  of  Stage  II.  They  provide  the  necessary  force  to  retard  the 
forward  motion  of  the  Titan  Stage  II  at  Transtage  separation. 

The  major  components  of  the  electrical  system  (i.e..  Stage  II  Inadvertent 
Separation  Desttuct  System  (ISDS),  static  inverter.  Redundant  Inertial 
Measurements  Unit  (RMU),  lateral  acceleration  sensing  system)  are  located 
on  a  truss  assembly  in  the  Stage  II  airframe  compartment  (2B). 

C2.2.3.1  Propellant  Feed  System  -  The  propellant  feed  system  for  Titan 
Stage  II  is  illustrated  in  Figures  C2-12  and  C2-13.  Both  fuel  and 
oxidizer  lines  terminate  at  a  set  of  electrically  operated,  reclosable 
prevalves.  Propellants  are  loaded  into  the  vehicle  tanks  through  manually 
operated  disconnects  above  the  prevalves. 

C2.2.3.2  Stage  II  Engine  (LR91AJ-11)  -  Except  for  being  somewhat 
smaller,  the  Titan  Stage  II  engine  is  similar  in  construction  and 
operation  to  a  single  subassembly  of  the  Titan  Stage  I  engine.  This 
engine  is  designed  to  produce  approximately  101,000  pounds  of  thrust  at 
altitude.  Pitch  and  yaw  thrust  vector  control  is  achieved  by  pivoting  the 
thrust  chamber  on  a  gimbal  bearing  mount.  Roll  control  is  provided  by 
ducting  turbine  exhaust  through  a  swiveled  roll  control  nozzle. 
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A  summary  of  engine  perforniance  data  is  given  below: 


Vacuum  Thrust  (Including 

101,000  lb 

Roll  Nozzle) 

Vacuum  Specific  Impulse 

318.7  sec 

(Including  Roll  Nozzle) 

Total  Flow  Rate 

316  Ib/s 

Oxidizer  Flow  Rate 

203  Ib/s 

Fuel  Flow  Rate 

llA  Ib/s 

Mixture  Ratio 

1.79 

Operating  Cycle 

225  sec 

Expansion  Ratio  (Nozzle) 

A9.2;l 

As  indicated  in  Figure  C2-14  and  C2-15,  the  Titan  Stage  II  engine  operates 
identically,  to  one  subassembly  of  the  Titan  Stage  I  engine.  B?.eed-in  of 
the  Titan  Stage  II  and  Stage  I  engines  occurs  at  the  same  time,  because 
all  prevalves  in  the  vehicle  are  opened  simultaneously.  The  Titan  Stage 
II  ignition  occurs  s i!m.\l taneous ly  with  the  Titan  Stage  I  shutdown 
command.  The  Sta^e  II  engine  shutdown  signal  to  the  Pressure  Sequencing 
Valve  Override  (PSVOR)  is  issued  by  majority-voted  liquid  level  detectors 
in  the  bottom  dome  of  the  propellant  depleting  tank. 

C2.2.3.3  Stage  II  Retro  Rocket  -  The  rocket  motor  consists  of  the 
following:  a  thin-walled  steel  chamber  loaded  with  a  case-bonded  solid 
propellant;  an  aft  bulkhead  with  graphite  insert  for  the  nozzle  throat;  a 
steel  coupling,  which  holds  the  plastic  exit  cone  to  the  bulkhead;  a 
nozzle  closure;  a  pressure  tap;  a  head  cap,  which  serves  to  mount  the 
igniter;  and  a  cartridge-loaded  Pyrogen-type  igniter  (Fig,  C2-16).  Three 
rocket  motors  are  used.  Each  motor  is  mounted  in  a  canister,  oriented 
parallel  to  the  missile  centerline  and  installed  so  that  the  nozzle 
exhausts  in  the  forward  direction.  The  three  rockets  are  fired 
simultaneously  to  provide  the  desired  separation  velocity. 

The  Ordnance  Item  Number  and  Manufacturer  are  Rocket  Motor,  PDAOSOOOl-519 
by  Thiokol  Chemical.  Tne  motor  is  loaded  with  A. 5  pounds  of  Xhiokol 
PTE8035  propellant.  Its  composition  is  lAX  Polybutadyne  acrylic  acid 
(FBAA),  70X  ammonium  perchlorate,  and  16%  aluminum  powder.  Storage 
specification  is  for  normal  storage  for  Class  B  explosive. 

C2.2.A  Airborne  Hydraulic  Systems 

The  Stage  I,  II,  and  III  hydraulic  systems  provide  the  engine  actuators 
with  hydraulic  fluid  under  pressure  in-flight  and  during  Programii.jble 
Aerospace  Ground  Equipment  (PACE)  ground  checkout  of  the  flight  control 
system.  Electrical  signals  from  the  flight  control  computer  are  sent  to 
the  servovalves  in  the  actuators.  These  electrical  inputs  control  the 
flow  of  hydraulic  fluid  to  the  actuator  pistons.  The  pistons  are 
connected  to  the  engine  thrust  chambers  and  gimbal  the  thrust  chambers  to 
change  the  attitude  of  the  vehicle. 
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Stage  I  Hydraulic  System  -  The  Stage  I  hyaraulic  system  is  located  in 
Compartment  1C.  The  system  consists  of  a  pressure  manifold,  a  regulating 
unit  (accumulator  reservoir),  four  linear  actuators,  a  turbine-driven 
pump,  and  electric-motor-driven  pu.'np,  a  filter,  and  the  necessary 
hydraulic  lines. 

During  fill,  flush,  bleed,  and  checkout  operations  and  during  part  of  the 
launch  sequence,  electrical  oowei.  from  the  transient  bus  is  supplied  to 
the  motor-driven  pump  (Figur  17).  The  pump  draws  fluid  from  the 

accumulator  reservoir.  The  chen  pumps  the  fluid  at  3000  psi  out  of 

the  outlet  port  through  a  line  to  the  filter,  then  to  the  pressure 
manifold,  and  into  the  Accumulator  side  of  the  regulating  unit.  The  fluid 
return  lines  from  Actuators  2]^,  3]^,  and  return  to  the  reservoir. 

Fluid  returning  from  actuator  1]^  is  routed  through  the  turbine-driven 
pump  to  the  reservoir.  Returning  the  fluid  from  Actuator  1]^  through  the 
turbine-driven  pump  permits  bleeding  this  p-inp  during  servicing. 

Stage  II  Hydraulic  System  -  The  Stage  II  hydraulic  system  components  t  .u 
located  in  the  Stage  II  engine  compartment  (2C).  This  system  positions 
the  second  stage  engine  and  the  roll  nozzle  in  response  to  command  signals 
from  the  flight  control  computer.  The  Stage  II  components  are  similar  to 
Stage  I.  The  system  consists  of  the  linear  actuators,  the  regulating  unit 
(accumulator-reservoir),  a  filter,  a  turbine-driven  pump,  an 
electric-motor-driven  pump,  and  the  necessary  hydraulic  lines. 

The  electric-motor-driven  piunp  in  Stage  II  is  operated  during  checkout  and 
during  fill,  flush,  and  bleed  operations.  It  receives  power  from  the 
transient  bus.  The  pump  draws  fluid  from  the  reservoir  section  of  the 
regulating  unit  (Fig.  C2-18).  The  hydraulic  fluid  is  then  sent,  under 
pressure,  through  a  filter  to  the  main  engine  actuators  and  the  roll 
actuator.  Fluid  is  returned  from  the  main  engine  actuators  to  the 
reservoir  section  of  the  regulating  unit.  The  roll  actuator  fluid  returns 
to  the  regulating  unit  through  the  turbine  pump.  This  permits  bleeding  of 
the  pump  during  servicing. 

C2.2.5  Inertial  Guidance  System 

The  Inertial  Guidance  System  (IGS)  guides  the  various  stages  of  the  Titan 
vehicle  on  a  trajectory  and  controls  Stage  III  velocity  so  that  the 
payload  arrives  at  the  desired  location  in  space  traveling  at  the  desired 
velocity. 

To  guide  the  vehicle  on  this  trajectory,  the  IGS  computer  sends  analog  dc 
steering  signals  to  the  Digital  Flight  Control  System  (DFCS)  actuators  and 
the  SRM  thrust  vector  control  system.  During  flight  the  computer  also 
sends  discrete  commands  to  the  airborne  electrical  system  to  control  such 
things  as  engine  cutoff  and  engine  start  signals. 


C2-13 


The  guidance  operation  (Fig.  C2-I9)  is  accomplished  only  during  powered 
flight  and  assumes  that  the  payload  will  follow  a  predictable  path  upon 
separation  from  the  airframe.  In  brief,  the  guidance  equipment  measures 
vehicle  acceleration  from  which  it  computes  present  velocity  and 
position.  Measurements  are  made  from  an  inertial  reference,  making 
unnecessary  a  ground  link  for  guidance.  The  computer  determines  steering 
signals  necessary  to  attain  the  proper  vehicle  attitude  and  delivers 
engine  cutoff  signals  when  the  proper  velocity  has  been  reached.  Because 
the  orbital  portion  of  flight  is  predictable,  the  guidance  system  need 
only  bring  the  payload  to  a  point  in  space  which,  at  the  proper  attitude 
and  velocity  of  the  vehicle,  will  result  in  insertion  into  the  correct 
orbit. 

C2.2.6  Flight  Termination  System 

The  Flight  Termination  System  (FTS)  provides  the  Range  Safety  Officer 
(RSO)  with  the  capability  to  shutdown  the  core  engines  or  shutdown  the 
core  engines  and  destroy  the  Titan  vehicle  should  it  become  necessary. 

The  FTS  will  also  automatically  destroy  stages  of  the  vehicle  if  they 
should  inadvertently  separate. 

The  FTS  consists  of  two  systems:  The  Command  Shutdown  and  Destruct  System 
(CSDS)  and  the  Inadvertent  Separation  Destruct  System  (ISDS).  Either 
system  has  the  capability  to  destroy  that  portion  of  the  vehicle  to  which 
it  is  electrically  connected.  The  CSDS  has  the  additional  capability  to 
shutdown  the  core  engines  without  destruction.  The  CSDS  responds  to 
commands  transmitted  from  the  ground  while  the  ISDS  is  activated  when 
certain  electrical  paths  are  interrupted  as  a  result  of  inadvertent 
separation  of  stages  in  flight. 

An  ISDS  is  incorporated  in  each  SRM,  in  Stage  I  and  in  Stage  II,  to 
automatically  destroy  these  stages  should  they  inadvertently  separate  from 
the  Space  Launch  Vehicle.  No  ISDS  is  required  for  the  Trans tage  because 
the  RSO  can  use  the  command  transmitter  to  send  the  destruct  signal  to  the 
command  receivers. 

C2.2.7  Ordnance  Items 

A  listing  of  Titan  34D  ordnance  items  is  given: 

1.  Stage  I  Destruct  System  -  One  destruct  safe-arm  initiator, 
PD64S0336-51.5 .  Three  strands  of  primacord  MMS-N170  Type  I,  Form  B.  Six 
boosters,  60E7-1  (one  on  each  end  of  primacord  strands).  Two 
bidirectional  destruct  charges,  PD60S0135-503. 

2.  Stage  II  Destruct  System  -  One  destruct  safe-arm  initiator, 
PD6^S0336-515 .  Three  strands  of  primacord  MMS-N170  Type  I,  Form  B.  Six 
boosters,  60E7-1  (one  on  each  end  of  primacord  strands).  Two 
bidirectional  destruct  charges,  PD60S0135-503. 

3.  Stage  I  Engine  Start  System  (Aerojet)  -  Two  engine  start 
cartridges,  380349.  Two  engine  start  cartridge  initiators,  380162. 
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4.  Stage  II  Engine  Start  Systeu  (Aerojet)  -  One  engine  start 
cartridge,  384386.  One  engine  start  cartridge  initiator,  380162. 

5.  Stage  I  to  Stage  II  Attachnient  and  Separation  System.  Twenty-four 
separation-nut  pressure  cartridges,  PD60S0129-S07. 

6.  Stage  il  to  Transtage  Attachment  and  Separation  System.  Sixteen 
separation  nut  pressure  cartridg<2s,  PD60S0129-507. 

7.  Stage  II  Retro  Thrust  Sytitem  -  Three  retro  rockets,  PD50SOOOI-519. 
Three  retro  rocket  igniters,  PD'50S0001-503. 

8.  SRM  to  Core  Forward  Attachment  and  Release  System  -  Eight 
separation  nut  pressure  cartridges,  PD60S0129-507. 

9.  SRM  to  Goto  Aft  Attachment  and  Release  System  -  Four  explosive 
bolts,  PD26S0022-011. 

10.  SRM  to  Core  Translation  System  -  Supplied  by  UTC. 

11.  Attitude  Control  System  Valve  Acttxation  -  Two  ACS  Start  Valve 
Cartridges,  PD60S0129-S07. 

C2.3  MISSION  SCENARIO 

The  Titan  34D/IUS  is  designed  to  direct/inject  spacecraft /pay loads  into 
various  orbits.  Tl\e  minimum  required  Titan  34D/IUS  payload  capability  is 
4120  pounds  delivered  to  geosynchronous  orbit.  The  Titan  34D  minimum 
class  booster  performance  capability  to  low-Earth  orbit  is  32,900  pounds 
throw  weight.  For  Cape  Canaveral  Air  Force  Missions  (CCAFS)  missions, 
this  represents  the  combined  Inertial  Upper  Stage  (lUS)  and  payload  weight. 

The  weight  delivered  to  each  type  of  orbit  is  a  function  of  payload 
mission  and  design  constraints.  Mission  constraints  include  launch 
window,  tracking  and  data  requirements,  thermal  inputs,  and  so  on;  design 
constraints  include  structural  design  loads,  fairing  jettison  time,  and 
guidance  system  look  angle. 

Delivery  of  satellites  to  geosjmchronous  orbits  requires  a  circular 
altitude  of  19,320  nmi  in  the  Earth's  equatorial  plan.  The  Titan  34D 
booster  must  achieve  a  minimum  park  orbit  of  80x95  nmi  in  order  for  the 
orbit  to  be  sustained  until  the  desired  equatorial  crossing  is  rea^'hed  for 
placement  of  the  satellite  in  a  preselected  hemisphere.  A  transfer 
maneuver  is  then  initiated  by  the  lUS,  and  coast  is  continued  until 
geosynchronous  altitude  is  achieved.  At  this  time,  final  plane  change  and 
orbit  circularization  maneuvers  are  executed. 
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C2.3.I  Miaaion  and  Performance  Requirements 


Specific  Titan  3AD/IUS  mission  and  performance  requirements  are  finalized 
after  the  payload  mission  and  design  constraints  have  been  identified  and 
after  a  mission  flight  plan  has  been  generated  that  satisfies  these 
constraints . 

The  T3^D/IUS  is  integrated  and  launched  at  the  Integrated-Transfer-Launch 
(ITL)  Area  of  Cape  Canaveral  Air  Force  Station.  Under  the  ITL  concept, 
different  parts  of  the  vehicle  are  assembled  and  checked  out  in  different 
areas  and  transferred  to  the  point  where  they  are  integrated  with  the  rest 
of  the  vehicle  as  Illustrated  in  Figure  C2-20. 

C2.3.2  Flight  Control  System  Operation 

Initial  vehicle  rollout  to  launch  azimuth  is  provided  by  a  Flight 
Programmer  and  timed  open-lcop  roll  torquing  program  and  is  fine-tuned  by 
the  lUS  guidance  system.  The  basic  vehicle  trajectory  shaping  is  provided 
by  a  time-based  pitch  program  generated  in  the  Titan  Flight  Control  System 
(FCS).  Approximately  80  seconds  after  lift-off  and  prior  to  Stage  I 
engine  ignition,  the  lUS  Guidance  System  will  provide  closed-loop  yaw/roll 
steering.  After  Stage  0  separation,  the  lUS  guidance  system  provides 
closed-loop  steering  in  the  pitch,  yaw,  and  roll  axes. 

The  T3AD/IUS  analog  Flight  Control  System  (FCS)  provides  stable  vehicle 
control  by  accepting,  scaling,  mixing,  and  filtering  attitude  and  rate 
acceleration  sensor  inputs  and  issuing  thrust  vector  commands.  In-flight 
gain  and  dynamics  changes  are  programmed  as  a  function  of  stage  and  flight 
time  in  order  to  satisfy  the  vehicle  stability  requirements. 

The  FCS  shall  sequence  in-flight  events  required  to  satisfy  the  open-loop 
tr  jectory  shaping  requirements,  maintain  vehicle  stability,  and  command 
v.^iTtain  flight  critical  functions,  such  as  staging  and  engine  start. 

(Fig.  C2-21) 

.t  SRM  ignition  an  Aerospace  Ground  Equipment  (AGE)  discrete  will  uncage 
ho  three-axis  reference  system  (TARS)  gyros  which  function  as 
Isplacement  gyros  providing  the  flight  control  vehicle  attitude 
ference.  Simultaneously,  the  AGE  will  also  issue  a  discrete  to  the 
flight  control  computer  to  start  the  first  of  five  SRM  TVC  injectant  fluid 
dump  levels.  TVC  dump  improves  performance  by  augmenting  solid  thrust  and 
dec  easing  vehicle  weight.  The  remaining  four  dump  levels  are  sequenced 
by  utage  0  gain  change  discretes. 

Ac  ..if toff,  the  flight  control  computer  is  in  the  initial  Stage  0  gain  and 
dynamic  state.  Additional  gain  and  dynamic  changes  are  then  sequenced  in 
flight  as  required  to  maintain  vehicle  stability  margins. 

During  the  middle  portion  of  Stage  0  flight,  the  Lateral  Acceleration 
Sensing  System  (LASS)  loop  of  the  FCS  is  closed  to  provide  structural  load 
relief  through  the  maximum  dytiamic  load  (Max  Q)  region  of  the  atmosphere. 
After  transition  through  the  region,  the  LASS  channel  is  disabled.  Near 
the  end  of  Stage  0  flight,  the  FCS  enables  the  ordnance  power  bus  to 
provide  primary  power  for  all  subsequent  staging  functions.  The  first 
flight-critical  function  sequenced  by  the  FCS  is  Stage  I  engine  start. 
After  a  fixed  time,  the  Staging  Timer  and  Flight  Programmer  B  redundantly 
issue  discretes  to  command  Stage  O/I  separation. 
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The  Stage  I  engine  shutdown,  Stage  I/II  separation,  and  Stage  II  engine 
start  signals  are  issued  simultaneously  when  either  of  the  Stage  I  engine 
thrust  chamber  pressure  switches  senses  a  reduction  in  chamber  pressure. 

The  physical  Stage  I/II  separation  (staging  connector  disconnect)  sends  a 
discrete  to  the  FCS  to  change  the  computer  gains  and  pitch  rate  and  to 
start  the  second  time  bases  of  Flight  Programmer  A  and  the  Staging  Timer. 

A  fixed  time  after  separation,  the  Flight  Programmer  and  the  Staging  Timer 
issue  the  prime  and  backup  Payload  Fairing  (PLF)  unlatch  and  separation 
signals . 

When  the  lUS  guidance  system  determines  that  the  vehicle  has  achieved 
predetermined  orbital  parameters,  it  issues  a  discrete  which  shuts  down 
the  Stage  II  engine  and  safes  the  Stage  II  destruct  systems.  After  a 
predetermined  time  delay,  the  discrete  for  Stage  II  retrofire  is  issued  by 
the  lUS  guidance  system.  At  this  point,  the  Titan  portion  of  the  mission 
is  completed. 
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Figure  C2-1  T34D  Core  -  Compartinent/Station  Designation 


C2-18 


NO»C  CONl\ 


Figure  C2-3  Titan  34D/IUS  Outboard  Profile  (CCAFS) 
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Figure  C2-4  Solid  Rocket  Motor  Cooponents 
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Figure  C2-7  Thrust  Vector  Control  Tankage 
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Figure  C2-9  Stage  I  Airframe  Attachments 
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Figure  C2-12  Stage  II  Airframe  Attachments 
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Figure  C-14  Stage  II  Engine  Fill  and  Bleed  Sequence 


C2-31 


Figure  C2-15  Stage  II  Engine  Start  Sequence 
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Figure  C2-16  Stage  II  Retro  Rocket 
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Figure  C2-19  T34D/TS  Inertial  Guidance  System 
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Figure  C2-21  Titan  3AD/IUS  Ascent  Sequence  Profile 
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C3.0  INTRODUCTION 

The  following  data  were  extracted  from  the  Annotated  Bibliography 
doctunent.  Ref.  lUh. 

C3.1  GENERAL  DESCRIPTION 

The  HGM16F  Missile  Weapons  System  is  composed  of  an  integrated  system  of 
equipment,  personnel,  and  facilities  to  support,  maintain,  test,  check 
out,  and  launch  the  HGM16F  Missile.  Supply  and  maintenance  support  are 
provided  by  Systems  Support  Manager  Prime  Air  Materiel  Areas  and  by  the 
contractors  as  required.  Additional  logistical  support  is  provided  by  the 
parent  airbase  of  the  facility.  An  operational  strategic  missile  squadron 
consists  of  12  launch  complexes  located  at  varying  distances  from  the 
parent  airbase  and  one  squadron  maintenance  area  located  at  the  parent 
airbase.  Additional  launch  complexes  (one  each)  are  Operational  System 
Test  Facility  -  2  (OSTF-2),  576-D,  and  576-E,  located  at  Vandenberg  Air 
Force  Base  (VAFB),  California.  (See  Table  C3-1) 

C3.1.1  Launch  Complex 

A  typical  launch  complex  consists  of  two  underground  structures  (launch 
control  center  and  silo).  In  addition,  the  OSTF-2  Launch  Complex  also 
contain.^  an  instrumentation  building  and  utility  building  (See  Fig. 

C3-1).  The  structures  within  the  launch  complex  contain  the  equipment 
required  to  perform  tests,  checkout,  and  launch  functions  on  the  missile. 
The  launch  complex  is  capable  of  performing  propellant  loading  exercises 
(wet  countdowns),  simulated  countdowns,  and  tactical  countdowns.  Training 
launches  may  be  performed,  in  addition,  from  the  Vandenberg  complexes 
only.  In  propellant  loading  exercises,  the  missile  and  launch  countdown 
equipment  are  cycled  through  the  countdown  sequence  except  for  starting 
the  rocket  engines.  The  exercise  is  aborted  in  the  final  phase  of 
countdown. 

03. 1.2  Missile 

The  missile  is  shown  in  Figure  03-2.  It  consists  of  three  major 
sections:  a  nose  section,  a  tank  section,  and  a  booster  section.  The 
nose  section  consists  of  the  re-entry  vehicle  and  adapter  and  houses  the 
payload  of  the  missile.  It  also  contains  circuits  and  components  required 
to  accomplish  re-entry  vehicle  separation,  arming,  and  fuzing. 

The  tank  section  consists  of  a  thin-walled  stainless-steel  monocoque 
structure  which  maintains  its  rigidity  by  pressurization  and  is  separated 
into  two  tanks  by  an  intermediate  bulkhead.  A  sensor  still-well  assembly 
of  the  propellant  utilization  system  is  located  within  each  tank.  The 
forward  end  of  the  tank  section  contains  provisions  for  mounting  the 
re-entry  vehicle.  The  aft  end  contains  provisions  for  mounting  components 
of  the  hydraulic  and  propulsion  subsystems.  Equipment  pods  are  located 
externally  on  the  tank  section  to  house  missile  electrical  equipment 
(battery  and  inverter),  flight  control  system  equipment,  retarding 
rockets,  guidance  system  equipment,  propellant  utilization  computer 
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Table  C3-l  HGN16F  Missile  Weapon  System  Description 


EQUIPMENT 


PARTICULARS 


HGM16F  Missile: 

Length 

Diameter 


Propellant  capacities: 
Fuel  tank 

Liquid  oxygen  tank 
Propellants 
Propulsion  system 


Guidance  system 
Range 


Approximately  80  feet 

Tank  section:  10  feet,  tapering  to  70.5 
inches  (48  inches  with  re-entry  vehicle 
adapter) 

Booster  section:  10  feet,  flaring  to  16  feet 


Approximately  12,000  gallons 
Approximately  19,000  gallons 
RP-1  fuel  and  liquid  oxygen 
Five  rocket  engines: 

Two  booster  engines:  330,000  pounds 

thrust 
(sea  level) 

One  sustainer  engine:  57,000  pounds 

thrust 
(sea  level) 

Inertial  guidance 
Greater  than  5500  miles 


Launch  complex: 


Silo: 

NO.  of  crib  levels 

Depth 

Diameter 

Purpose 


Launch  control  center: 

NO.  of  floor  levels 

Height 

Diameter 

Purpose 


Underground  hardsite: 

One  silo 

One  launch  control  center 


8 

173.5  feet 
52  feet 

Provides  facilities  for  test,  checkout, 
countdown,  and  launch  of  the  HGM16F  Missile 


2 

33  feet 
44  feet 

Provides  personnel  facilities, 
communications  equipment,  and  equipment  for 
checkout,  countdown,  and  launch  control 
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assembly,  and  instrumentation  equipment.  Two  decoy  pods  contain 
penetration  devices.  These  devices  are  jettisoned  at  preset  intervals 
during  flight  to  cause  false  Indications  in  detection  equipment  attempting 
to  plot  the  course  of  the  missile.  The  forward  end  of  the  tank  section 
contains  a  bulkhead  and  access  plate  to  allow  entry  into  the  oxidizer 
tank.  Also  mounted  on  the  bulkhead  are  the  liquid  oxygen  boiloff  valve 
and  the  re-entry  vehicle  adapter. 

The  booster  section  contains  assemblies  of  the  propulsion,  pressurization, 
and  hydraulic  subsystems  used  during  the  booster  stage  of  missile  flight. 
It  also  contains  rise-off  disconnect  fittings  to  connect  hydraulic, 
pneumatic,  and  propellant  lines  to  the  missile  from  ground  supply 
sources.  The  booster  section  is  coupled  to  the  tank  section  by  four 
special  staging  disconnect  couplings.  Thrust  is  transmitted  from  the 
booster  section  to  the  tank  section  by  a  thrust  ring  welded  to  the  aft  end 
of  the  tank  section.  The  booster  section  is  jettisoned  during  the  staging 
portion  of  missile  flight.  Staging  is  accomplished  approximately  120 
seconds  after  missile  launch. 

C3.2  SYSTEMS  DESCRIPTIONS.  HAZARDOUS  MATERIALS.  SCHEMATICS 
C3.2.1  Propulsion  System 

llie  missile  propulsion  system  consists  of  two  booster  engines,  two  vernier 
engines,  one  sustainer  engine,  a  vernier  solo  tank  system,  and  associated 
subsystems.  All  engines  are  of  the  single  start  type  and  use  RP-1  fuel 
and  liquid  oxygen.  The  combined  thrust  of  the  five  engines  at  iea  level 
is  approximately  389,000  pounds. 

The  engines  are  started  during  countdown  by  the  launch  control  system. 

For  starting  and  progression  into  mainstage  operation,  the  following 
sequence  of  events  occurs:  The  booster  and  sustainer  engines  each  uses  a 
solid  propellant  gas  generator  and  are  controlled  by  a  fuel  pressure 
ladder  sequence.  During  start,  an  engine  start  signal  fires  the  solid 
propellant  gas  generator  initiators,  forcing  hot  gases  produced  by  the 
burning  of  the  solid  propellant  to  the  turbopump  turbines.  (See  Fig. 
C3-3).  This  provides  the  initial  drive  to  the  turbopumps.  The  flow  of 
hot  gases  from  the  solid-propellant  gas  generators  causes  the  pumps  to 
force  liquid  propellants  from  the  missile  tanks  directly  to  the  thrust 
chambers  and  liquid  propellant  gas  generators.  Electrical  signals  and 
fuel  pressure-control  the  various  propellant  valves.  Combustion  is 
initiated  by  hypergolic  combination  in  all  thrust  chambers.  Pyrotechnic 
igniters,  electrically  fired,  ignite  the  propellants  as  they  flow  into  the 
liquid  propellant  gas  generators.  The  got  gases  produced  by  the  liquid 
gas  generators  sustain  mainstage  operation  after  starting  and  until  the 
engines  are  shut  down. 

The  vernier  engines  start  shortly  after  the  booster  and  sustainer  engines 
reach  mainstage  (approximately  3.5  seconds)  and  operate  on  propellants 
supplied  from  the  sustainer  engine.  Pressurized  spherical  vernier  solo 
tanks  contain  and  supply  the  small  amounts  of  fuel  and  oxidizer  necessary 
for  vernier  solo  operation. 
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When  the  rocket  engines  enter  the  ignition  stage,  the  ENGINE  START 
indicator  on  the  commit  patch  will  illuminate  green.  From  this  point,  all 
sequencing  and  operation  of  the  booster  and  suatainer  engine  components 
are  governed  by  a  fuel  pressure  ladder  sequence  and,  therefore,  are 
independent  of  the  launch  control  center. 

The  ability  to  shut  down  the  propulsion  system  with  direct  circuitry  is 
maintained  until  umbilical  separation  at  launch.  However,  sfter  ENGINE 
START,  only  a  malfunction  will  shut  down  the  propulsion  system;  no  manual 
control  is  possible.  When  the  propulsion  system  develops  su'^ficient 
thrust  to  lift  the  missile  from  the  launcher  platform,  a  signal  is  sent  to 
eject  ufflbilicals  a:id  illuminate  the  MISSILE  AWAY  indicator  on  the  conunit 
patch  of  the  launch  control  console. 

After  certain  programmed  flight  conditions  are  met,  signals  from  the 
missile  guidance  system  cut  off  the  booster  engines  and  separate  the 
booster  section  from  the  missile.  The  suatainer  engine  is  similarly  cut 
off  art  a  later  time,  but  remains  attached  to  the  missile.  Vernier  engines 
continue  to  operate  on  propellants  from  the  vernier  correction  phase;  the 
vernier  engines  are  cut  off;  and  the  missile  is  separated  from  the 
re-entry  vehicle  by  a  signal  from  the  missile  guidance  system. 

Each  booster  engine  is  a  fixed-thrust  engine  consisting  of  a 
solid-propellant  gas  generator  and  liquid-propellant  gas  generator  driven 
turbopump,  and  a  lightweight,  tubular-wall,  gimbal-mounted  thrust 
chamber.  The  turbopump  is  fastened  to  a  support  bracket  that  incorporates 
mounting  points  for  attachment  to  the  missile  and  thrust  chamber  gimbal. 
The  various  control  valves,  gas  generator,  and  interconnecting  ducting  and 
electrical  cables  are  fixed  in  position  to  the  turbopump  and  thrust 
chamber. 

The  turbopump  delivers  liquid  oxygen  and  fuel  to  the  thrust  chamber  and 
consists  of  two  centrifugal  pumps  driven  by  a  high-speed  turbine  through  a 
reduction  geartrain.  The  Initial  power  to  turn  the  turbopump  and  bring  it 
up  to  sufficient  speed  to  supply  propellants  to  the  thrust  chamber  and  the 
liquid  propellant  gas  gene'  ‘:or  is  supplied  by  a  solid-propellant  gas 
generator.  The  high-velocity  gas  that  provides  the  sustained  power  for 
the  turbine  is  supplied  by  the  liquid-propellant  gas  generator.  The  gas 
generator  consists  of  a  combuster,  where  liquid  propellants  are  burned, 
and  the  valves  that  control  propellant  flow.  The  propellants  are  supplied 
under  pressure  and  are  originally  ignited  in  the  liquid  propellant  gns 
generator  by  pyrotechnic  igniters.  The  resultant  combustion  gas  is 
directed  to  the  turbopump  turbine  impellers.  The  turbopump  gears  and 
bearings  are  lubricated  with  oil  supplied  under  pressure  from  an  oil 
pump.  The  oil  supply  tank  mounted  on  the  thrust  chamber  is  pressurized 
with  helium  to  ensure  adequate  oil  flow  to  the  oil  pump. 


The  booster  thrust  chamber  is  bell-shaped.  Tubes  run  lengthwise  from  the 
top  of  the  thrust  chamber  to  the  bottom  of  the  skirt,  forming  a 
cylindrical  combustion  chamber  converging  into  a  narrow  throat  and  then 
diverging  to  a  wide-mouthed  expansion  chamber.  During  countdown,  inert 
fluid  is  injected  into  the  booster  thrust  chamber  by  the  inert  fluid 
injection  system.  The  inert  fluid  reduces  the  pressure  surge  that  occurs 
when  the  booster  engines  are  started.  Before  fuel  is  fed  into  the 
combustic  harober,  it  passes  through  the  tubes  and  cools  the  walls  of  the 
chamber,  a  circular  injection  plate  at  the  top  of  the  thrust  chamber 
introduces  both  fuel  and  liquid  oxygen  into  the  combustion  chamber.  Fuel 
for  ignition  passes  through  an  ignition  fuel  valve  and  a  hypergolic  fluid 
container  to  six  orifices  in  the  injector  plate.  The  propellants  are 
ignited  in  the  combustion  chamber  by  contact  of  hypergolic  fluid  and 
liquid  oxidizer.  A  gimbal  mount  transmits  thrust  loads,  developed  in  the 
thrust  chamber,  to  the  missile.  The  gimbal  mount  permits  both  yaw  and 
pitch  axis-thrust  chamber  movement. 

The  sustainer  engine  is  an  integral,  gimbal-mounted,  fixed-thrust  unit 
installed  on  the  thrust  cone  of  the  missile  fuel  tank.  The  engine 
consists  of  a  liquid-propellant  gas  generator,  turbopump,  thrust  chamber, 
and  control  and  lubricating  components.  The  sustainer  solid-propellant 
gas  generator,  liquid-propellant  gas  generator,  and  turbopump  are  similar 
to  the  corresponding  booster  components.  The  turbopump  supplies 
propellants  to  the  vernier  engines  and  to  the  sustainer  engine  during 
operation.  The  sustainer  thrust  chamber  is  similar  to  the  booster 
chamber,  except  that  the  sustainer  combustion  chamber  is  smaller. 

The  two  vernier  engines  are  bi-thrust  (two-rated  thrust  level)  units 
installed  on  the  missile  as  separate  and  complete  engines.  The  vernier 
thrust  chambers  are  double-walled,  with  the  inner  and  outer  walls  leing 
separated  by  a  solid  spiral  coil  that  forms  a  passageway  for  fuel  flow. 

The  passageway  allows  fuel  to  flow  from  a  fuel  inlet  manifold  at  the  exit 
nozzle  of  the  chamber  to  the  injector  housing  at  the  head,  cooling  the 
inner  wall  of  the  chamber.  A  pne’imatically  actuated  propellant  valve 
controls  propellants  to  the  thrust  chambers.  The  thrust  chambers  are 
mounted  on  gimbal  shafts  that  turn  in  response  to  hydraulic  actuators. 

The  vernier  solo  tank  subsystem  includes  the  vernier  solo  oxidizer  and 
fuel  tanks  and  the  necessary  vernier  control  components.  The  subsystem 
provides  propellants  for  vernier  engine  solo  operation  and  control  of  the 
vernier  propellant  valves  after  sustainer  cut-off.  After  the  sustainer 
engine  reaches  mains tage,  the  vernier  engines  are  s carted.  The  vernier 
engines  then  use  propellants  supplied  from  the  main  missile  tanks  by  the 
sustainer  turbopump.  Dviring  mainstage,  the  vernier  solo  tanks  are  filled 
with  propellants  from  the  sustainer  turbopump.  The  filled  solo  tanks 
provide  the  propellants  used  by  the  vernier  engines  during  solo  operation. 
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The  missile  helium  supply  furnishes  the  pneumatic  power  for  actuating  the 
vernier  engine  control  valve  and  for  pressurizing  the  vernier  solo  tanks 
and  engine  lubricating  oil  tanks  during  operation.  Missile  hydraulic 
power  is  used  to  operate  the  sustalner  propellant-flow-regulating 
components . 

C3<2.2  Propellant  Utilization  System 

When  a  missile  is  launched,  the  propellant  tanks  contain  fuel  and  liquid 
oxygen  at  a  specified  weight  ratio.  During  miss-ile  acceleration,  the 
heavier  (more  deo'-e)  liquid  oxygen  has  a  tendency  to  be  supplied  to  the 
engines  at  a  faster  rate  than  the  less  dense  RP-1  fuel.  This  tendency  is 
equalized  by  the  propellant  utilization  system,  which  regulates  propellant 
flow  in  such  a  manner  that  both  tanks  empty  evenly. 

The  propellant  utilization  system  monitors  the  propellant  level  ratio  and 
controls  the  propellant  flow  ratio  to  the  sustainer  engine  during  flight. 
(No  such  control  is  needed  for  booster  and  vernier  engines.)  To  provide 
indications  of  propellant  consumption,  ultrasonic  sensors  are  installed  on 
still-wells  at  discrete  propellant  levels  (stations)  in  both  the  fuel  and 
oxidizer  tank*;.  (See  Fig.  C3-4).  These  sensors  relay  changes  in 
impedance  as  the  propellant  levels  pass  each  sensor  station.  The  stations 
are  located  so  that  similarly  numbered  sensors  in  both  tanks  are  uncovered 
at  the  same  time  when  the  flow  ratio  is  within  limits. 

Time  differences  in  the  signals  received  from  a  matching  pair  of  sensors 
as  they  are  uncovered  indicate  a  discrepancy  in  the  volume  of  flow.  The 
propellant  utilization  compute^.'  assembly  receives  the  impedance  changes 
from  the  sensors  and  generates  correcting  signals,  which  are  compared  to 
servocontrol  feedback  signals  from  the  propellant  utilization  valve 
transducer.  A  resulting  control  command  signal  is  then  sent  to  the 
propellant  utilization  servocontrol  valve,  which  adjusts  the  fuel  flow 
rate  to  produce  the  proper  level  in  the  tank  at  the  next  sensor  station. 

To  maintain  a  constant  propellant  flow,  any  change  in  the  fuel  flow  rate 
causes  an  inverse  change  in  the  liquid  oxygen  flow  rate  through  activation 
of  the  head  suppression  valve. 

C3.2.3  Flight  Control  System 

The  flight  control  system  (Fig.  C3-S)  consists  of  the  autopilot  subsystem 
and  the  inertial  guidance  subsystem.  It  has  the  function  of  steering  and 
stabilizing  the  missile  during  the  powered  portion  of  flight  so  that  when 
the  re-entry  vehicle  separates  from  the  tank  section  and  enters  free  fall, 
it  will  continue  in  a  ballistic  trajectory  to  intersect  the  designated 
target  area.  The  autopilot  controls  missile  attitude  during  flight  by 
issuing  steering  commands  to  the  servovalves  of  the  engine  thrust  chamber 
hydraulic  actuators.  The  hydraulic  actuators,  in  turn,  regulate  the 
angular  displacement  of  the  thrust  chambers,  thereby  controlling  the 
direction  of  forces  acting  upon  the  missile. 


The  combined  actions  of  the  flight  control  system  control  the  four  flight 
phases  of  the  missile.  The  powered  portion  of  flight  consists  of  the 
booster,  staging,  sustainer,  and  vernier  phases.  During  the  first  portion 
of  this  period,  the  ineitial  guidance  subsystem  supplies  the  roll  voltage 
to  the  autopilot  subsystem.  The  missile  rotates  about  its  roll  axis  to 
establish  the  yaw  axis  of  the  missile  in  a  vertical  plane  through  the 
desired  cutoff  trajectory.  At  the  end  of  the  roll  maneuver.  Vernier 
Engine  2  is  oriented  on  the  side  facing  the  target.  A  missile  pitchover, 
which  lasts  until  staging,  is  then  programmed  to  direct  the  missile  toward 
the  target. 

The  inertial  guidance  subsystem  continuously  corrects  the  missile  flight 
attitude  in  order  to  select.  Incrementally,  the  optimum  trajectory  for 
successful  accomplishment  of  the  mission.  Targets  are  preselected  whilii 
the  missile  is  on  the  ground  by  inserting  specific  target  constants  boards 
into  the  missile  guidance  computer. 

The  autopilot  subsystem  consists  of  a  programmer  package,  a  gyroscope 
package,  and  a  f ilter-servoamplif ier  package.  The  programmer  package 
contains  electronic  timing  and  switching  circuits  that  generate  signals  to 
control  the  programmed  functions  of  missile  flight.  Assisted  in  part  by 
discrete  conmands  from  the  inertial  guidance  subsystem,  the  preset 
switching  circuits  of  the  autopilot  programmer  control  the  sequencing  of 
the  following  major  inflight  operations:  missile  roll  maneuver  and  pitch 
program;  booster  engine  cutoff  and  booster  section  jettison;  sustainer  and 
vernier  engine  cutoff;  re-entry  vehicle  separation;  firing  retarding 
rockets;  and  destruction  of  the  missile  tank  section. 

There  are  a  total  of  six  displacement  and  rate  gyroscopes  in  the  gyroscope 
package.  Displacement  gyroscopes  provide  signals  proportional  to  the 
amount  of  missile  angular  displacement  from  the  yaw,  roll,  and  pitch 
reference  planes;  rate  gyroscopes  provide  signals  proportional  to  the  rate 
(angular  velocity)  of  displacement  from  the  yaw,  pitch,  and  roll  reference 
planes.  Pitch,  yaw,  and  roll  displacement  gyroscopes  and  the  roll  rate 
gyroscope  are  contained  in  a  canister  in  the  B-2  equipment  pod.  The  pitch 
and  yaw  rate  gryoscopes  are  housed  in  a  canister  mounted  in  the  cable 
f airing,  forward  of  the  B-2  equipment  pod,  to  compensate  for  bending  modes 
in  the  pitch  and  yaw  planes. 

Missile  attitude  deviations  from  the  programmed  flight  path  are  sensed  by 
one  or  more  of  the  rate  and  displacement  gyroscopes.  Each  displacement 
gryoscope  senses  deviations  in  its  particular  reference  plane  (pitch,  yaw, 
or  roll).  Displacement  gyroscope  reference  planes  are  controlled  by 
torque  signal  amplifiers,  which  are  changed  for  steering  purposes.  Rate 
gryoscopes.  are  in  fixed  reference  planes;  they  sp''  he  rate  of  missile 
attitude  changes.  Gyroscope  output,  in  the  form  of  error  voltages,  is  fed 
to  the  f ilter-servoamplif ier  package. 
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The  f ilter-eervoanplifier  package  contains  the  electronic  circuitry  to 
convert  gyroscope  error  signals  into  input  data  for  the  servoamplifiers. 
These  servoaitplif iers  operate  the  servovalves  of  the  engine  actuators, 
enabling  the  hydraulic  system  to  gimbal  the  engines  in  the  proper 
direction  to  counteract  the  deviations  sensed  by  the  gryoscopes.  Feedback 
transducers  on  the  actuators  send  back  signals  to  the  filter-amplifier 
package  that  are  proportional  to  engine  displacement.  Such  a  feedback 
signal  opposes  the  gyroscope  output  signal,  causing  the  engine  to  return 
to  the  null  position  during  an  attitude  correction  sequence. 

The  airborne  inertial  guidance  subsystem  shown  in  Figure  C3-6  consists  of 
a  missile  guidance  control,  an  inertial  guidance  sensing  platform,  and  a 
missile  guidance  computer.  Aerospace  ground  equipment  components,  which 
include  the  Inertial  Guidance  Alignment-Countdown  Set  A''^'/GJQ-12,  maintain 
the  airborne  equipment  in  a  state  of  readiness  so  that  its  objectives  can 
be  achieved. 

C3.2.A  Missile  Hydraulic  System 

The  missile  hydraulic  system  furnishes  power  to  the  engine  thrust  chamber 
actuators  to  provide  pitch,  roll,  and  yaw  control  of  the  missile  during 
flight.  Hydraulic  pressure  from  Che  system  is  also  used  to  operate  the 
sustainer  propellant  valves  and  gas  generator  valves  during  sustainer 
engine  operation.  There  are  three  separate  hydraulic  subsystems 
operational  during  the  various  flight  phases:  the  booster  subsystem,  the 
sustainer-vemier  subsystem,  and  the  vernier  solo  subsystem. 

The  booster  hydraulic  subsystem  (Fig.  C3-5)  provides  hydraulic  pressure  to 
gimbal  the  two  booster  engine  thrust  chambers  for  pitch,  yaw,  and  roll 
control  from  missile  launch  until  staging.  During  this  period  the 
sustainer-vernier  hydraulic  subsystem  provides  pressure  to  gimbal  the 
vernier  engines  for  roll  control  only.  Following  booster  engine  cutoff, 
the  sustainer  engine  is  gimbaled  briefly  for  pitch  and  yaw  control;  then 
it  is  locked  on  center  to  permit  jettisoning  of  the  booster  section.  The 
sustainer-vemier  hydraulic  subsystem  is  again  enabled  after  staging  and 
until  sustainer  engine  cutoff  to  gimbal  the  sustainer  engine  for  pitch  and 
yaw  control  and  the  verniers  for  roll  control.  After  sustainer  engine 
cutoff,  Che  vernier  solo  subsystem  supplies  pressure  to  gimbal  the  vernier 
engines  for  the  remaining  seconds  of  powered  flight. 

Figure  C3-5  shows  the  booster  hydraulic  subsystem  only.  Operation  of  the 
sustainer-vernier  and  vernier  solo  subsystems  is  similar.  The  booster  and 
sustainer-vemier  hydrauiic  pumps  are  operated  by  the  booster  and  sustainer 
engine  turbopumps  respectively.  Vernier  solo  hydraulic  actuators  are 
operated,  after  sustainer  engine  cutoff,  by  a  hydraulic-pneumatic 
nccumulaCor  that  has  Deen  pressurized  with  gaseous  nitrogen.  The 
hydraulic  accumulator  and  hydraulic  pumps  supply  hydraulic  fluid  to  the 
servovalves  and  hydraulic  pistons  that  gimbal  the  engine  thrust  chambers. 
Feedback  transducers,  physically  connected  to  the  hydraulic  actuators, 
sense  Che  amount  of  thrust  chamber  movement  from  the  null  position  and 
feed  back  a  cancellatior  signal  to  Che  flight  control  system.  The 
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hydraulic  tank  serves  as  a  fluid  reservoir  and  is  pressurized  with  gaseous 
nitrogen  prior  to  flight  and  helium  during  flight  to  supply  a  positive 
head,  preventing  system  cavitation.  Accumulators,  pressurized  with 
gaseous  nitrogen,  are  provided  to  prevent  momentary  line  pressure  drops  if 
system  demand  exceeds  pump  capacity  and  to  absorb  pressure  drops. 

There  are  two  hydraulic  actuators  mounted  on  each  engine  thrust  chamber 
for  gimbaling  purposes.  Each  hudraulic  actuator  consists  of  a  hydraulic 
controller  and  linear-motor  feedback  transducer.  The  booster  and  vernier 
engine  controllers  contain  an  electro-hydraulic  servovalve,  hydraulic 
actuator,  and  hydraulic  flow  limiter  valve.  Suatainer  engine  hydraulic 
controllers  consists  of  an  electro-hydraulic  servovalve  and  a  hydraulic 
actuator.  The  hydraulic  actuators  use  hydraulic  energy  to  produce 
mechanical  motion.  One  end  of  an  actuator  is  secured  to  the  missile 
structure,  and  the  other  end  is  attached  to  a  thrust  chamber  outrigger. 

The  piston  rods  of  booster  and  sustainer  actuator  assemblies  are  connected 
to  lever-arm  linkages  that  transfer  piston  movement  to  thrust  chamber 
movement.  Vernier  actuators  consist  of  two  single-ended  pistons  connected 
by  a  rack.  The  rack  turns  a  pinion  gear  on  the  shaft,  which  rotates  the 
vernier  engine  thrust  chambers. 

The  hydraulic  actuator  servovalves  are  two-stage,  electro-hydraulic, 
four-way  transfer  valves  that  control  a  flow  of  hydraulic  fluid 
proportional  to  the  amount  of  net  direct  current  received  from  the 
f ilter-servoamplif ler  canister  of  the  flight  control  system.  Direction  of 
valve  motion  is  controlled  by  the  direction  of  armature  deflection; 
direction  of  armature  movement  is  controlled  by  the  direction  cf  net 
current  flow  in  the  valve  coil.  Flow  limiter  valves  on  the  vernier  and 
booster  electro-hydraulic  servovalves  regulate  the  flow  of  hydraulic  fluid 
to  prevent  the  actuators  from  moving  too  rapidly. 

Turning  the  COMMIT  START  key  switch  on  the  launch  control  console  and  then 
the  COMMIT  SWITCH  on  the  ALCO  COMM/CONTROL  panel  initiates  evacuation  of 
the  airborne  hydraulic  fluid  tanks.  The  reservoir  shutoff  valves  close, 
and  the  evacuation  chamber  shutoff  valves  are  opened.  The  application  of 
2000-p8i  hydraulic  pressure  forces  the  evacuation  cheunber  piston  to  the 
nitrogen  end  of  the  chamber.  This  action  draws  approximately  65  cubic 
inches  of  fluid  from  each  missile  hydraulic  fluid  tank,  providing  space 
for  fluid  expansion  or  pressure  surges.  In  normal  countdown  sequence,  the 
turbopiunps  that  drive  the  missile  hydraulic  fluid  pumps  start  a  few 
seconds  after  evacuation  is  completed. 

C3.2.5  Missile  Pneumatic  System 

The  missile  pneumatic  system  (Fig.  C3-7)  provides  inflight  pressurization 
fcr  the  fuel  and  liquid  oxygen  tanks  from  the  time  the  pressurization  is 
transferred  to  internal  during  the  commit  sequence  of  countdown  through 
missile  flight.  Pressures  in  the  propellant  tanks  are  regulated  and 
maintained  at  flight  pressure  by  pressure  regulators  and  the  missile 
helium  supply.  The  missile  pneumatic  system  is  protected  from 
overpressurization  by  relief  valves. 
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The  missile  pneumatic  system  contains  two  basic  subsystems,  the  primary 
supply  subsystem  and  the  secondary  supply  subsystem.  The  primary  supply 
subsystem  consists  of  six  shrouded  helium  bottles,  control  valves,  and 
interconnecting  tubing.  It  controls  and  distributes  helium  at  a  regulated 
pressure  to  the  propellant  tanks  during  the  booster  stage  only  and  is 
jettisoned  at  staging  with  the  booster  section.  The  secondary  supply 
subsystem,  which  consists  of  a  single  airborne  ambient  helium  bottle, 
valves,  and  interconnecting  tubing,  supplies  helium  to  activate  the 
vernier  control  valves. 

At  launch,  when  the  missile  separates  from  ground  connections,  missile 
lines  are  sealed  by  spring-loaded  valves  in  all  but  two  of  the  missile 
halves  of  the  connectors.  The  two  liquid-nitrogen  connectors  have  no 
valves;  consequently,  these  lines  remain  open  allowing  liquid  nitrogen  In 
the  shrouds  of  the  helium  bottles  to  drain.  After  rise-off,  the  airborne 
helium  supply  furnishes  inflight  pressurization  for  the  propellant  tanks, 
airborne  hydraulic  fluid  tanks,  and  the  engine  lubrication  tanks.  The 
helium  bottles  are  cooled  by  the  liquid-nitrogen-filled  shrouds  prior  to 
launch,  enabling  a  greater  volume  of  the  gas  to  be  contained  in  the 
bottles.  An  airborne  heat  exchanger,  located  in  the  No.  2  booster  engine 
turbopiunp  exhaust,  heats  and  expands  the  chilled  helium  as  It  passes 
through  the  heat  exchanger  coil.  The  helium  is  then  routed  through 
regulators  to  the  propellant  tanks  for  pressurization. 

The  oxidizer  tank  pressure  sensing  line  actuates  a  pressure  regulator  to 
furnish  helium  pressure,  as  needed,  to  maintain  the  oxidizer  tank  at 
approximately  26  psi.  In  similar  fashion,  fuel  tank  pressurization  is 
maintained  at  approximately  62  psi.  Helium  pressure,  also  regulated  to 
approximately  60  psi,  is  supplied  to  pressurize  the  hydraulic  fluid  tanks 
and  engine  lubrication  tanks. 

The  shrouded  helium  bottles,  heat  exchanger,  oxidizer  tank  pressure 
regulator,  and  the  fuel  tank  pressure  relief  valve  and  pressure  regulator 
are  located  in  the  booster  section.  When  the  booster  section  stages, 
these  components  are  jettisoned.  Jettisoning  is  accomplished  by  the 
release  of  separation  latches,  which  are  actuated  by  pressure  from  the 
ambient  helium  bottle.  The  four  connectors  in  the  propellant  tank  lines 
and  the  one  connector  in  the  ambient  helium  bottle  line  contain 
spring-loaded  valves  which  close  at  staging,  sealing  the  pressure  in  the 
sustainer  section  systems.  Liquid  oxygen  tank  pressure  is  maintained  by 
boiloff  vapor.  The  fuel  tank  has  sufficient  pressure  for  the  remainder  of 
flight.  After  staging,  the  sustainer  engine  lubrication  tank  and 
hydraulic  tanks  continue  to  receive  pressure  from  the  fuel  tank  pressure 
line.  The  vernier  pneumatic  manifold  is  pressurized  throughout  flight  by 
the  ambient  helium  bottle  in  the  sustainer  section. 
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C3.2.6  Missile  Electrical  System  -  The  missile  electrical  system  (Fig. 
C3-8)  consists  of  the  missile  battery,  400-cycle  missile  inverter  (1), 
power  changeover  switch,  and  Interconnecting  cabling  and  harnesses.  It 
distributes  ac  and  dc  power  to  the  various  missile  systems  during  standby, 
countdown,  and  flight.  During  standby  and  the  first  part  of  countdown, 
the  power  required  by  the  missile  is  supplied  from  ground  sources  (except 
for  power  for  the  re-entry  vehicle,  which  is  supplied  by  a  separate 
battery  located  in  the  nose  section).  The  missile  battery  is  activated, 
and  the  400-cycle  inverter  is  started  during  countdown.  After  the  power 
changeover  switch  transfers  power  from  ground  to  internal  (airborne) 
during  the  commit  sequence,  the  missile  battery  provides  dc  power,  and  the 
batter  inverter  combination  provides  ac  power  to  missile  systems.  Both 
the  battery  voltage  and  the  400-cycle  missile  inverter  output  are  checked 
before  switching  the  missile  to  internal  power. 

The  main  missile  battery  consists  of  20  silver-zinc-oxide  cells,  a  battery 
activation  mechanism,  and  a  thermostatically  controlled  heater.  Enclosed 
in  a  rectangular  canister,  the  battery  is  located  in  the  B-2  equipment  pod 
along  with  the  400-cycle  inverter  and  the  power  changeover  switch.  The 
battery  is  stored  in  a  dry-charge  state.  It  contains  a  squib  activation 
circuit  that  permits  remote  energizing  of  the  battery  cells  during 
countdown.  Activation  occurs  when  a  signal  from  the  launch  control  system 
is  applied  across  the  pins  of  the  activation  squib,  resulting  in  the 
production  of  pressurized  gas  that  ruptures  two  diaphragms,  allowing  the 
electrolyte  to  flow  to  the  battery  cells.  The  battery  can  supply  28  volts 
at  170  amperes  for  a  maximum  of  10  minutes. 

The  400-cycle  missile  inverter  is  contained  in  a  sealed  canister  and 
consists  of  a  motor-driven  inverter,  a  magnetic  amplifier,  a  voltage 
regulator,  and  a  frequency  regulator.  It  converts  28  Vdc  from  the  ground 
source  or  the  main  missile  battery  to  115-volt,  3-phase,  400-cycle,  ac 
power. 

The  missile  power  changeover  switch  assembly  is  housed  in  a  sealed 
canister  and  consists  of  a  motor-driven  switch  and  associated  circuitry, 
seven  receptacles,  and  a  grounding  plate.  It  distributes  power  to  the 
airborne  systems  whether  the  source  is  from  ground  or  missile  generation 
equipment.  The  28-Vdc  motor  in  the  unit  drives  the  switching  mechanism  to 
close  make-before-break  dc  contacts  and  brerk-bef ore-make  ac  contacts  on 
the  switching  mechanism,  providing  smooth  transition  from  ground  to 
missile  electrical  system  power. 

Ground  power  reaches  the  missile  power  changeover  switch  assembly  through 
an  umbilical  connector.  The  umbilical  plug  contains  a  solenoid-triggered 
spring-loaded  ejector  mechanism  that  ejects  the  plug  from  the  missile 
receptacle  at  rise-off.  Should  this  electrical  signal  fail,  a  lanyard 
triggers  the  mecnanism  to  eject  the  plug  from  the  receptacle  as  the 
missile  rises. 
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The  frequency  of  the  alternating  current  that  operates  missile  loads  must 
be  held  to  a  close  tolerance.  The  two  sensors  that  determine  the 
frequency  of  the  power  applied  to  these  loads  is  a  part  of  the  launch 
control  equipment.  One  is  connected  to  the  missile  ground  power  ac 
source.  After  the  airborne  inverter  has  been  started  on  ground  power,  the 
output  of  the  frequency  sensor  is  automatically  switched  to  the  launch 
control  indicator.  When  the  inverter  output  is  sensed  to  be  within 
tolerance,  the  launch  control  equipment  sends  the  changeover  signal. 

The  motor-driven  power  changeover  switch  connects  the  missile  battery  to 
all  dc  loads  on  the  missile,  with  the  exception  of  the  re-entry  vehicle 
system,  and  then  disconnects  the  missi.le  ground  power  dc  source  from  the 
loads.  It  next  disconnects  the  missile  ground  powe  ac  source  and,  a  few 
milliseconds  later,  connects  the  loads  to  the  inverter.  It  then  sends  a 
signal  to  the  ground,  indicating  that  these  sequences  have  been 
completed.  Main  missile  loads  are  powered  by  the  missile  battery  and  by 
the  inverter  during  the  period  between  changeover  and  the  firing  of 
retarding  rockets,  following  separation  of  the  re-entry  vehicle. 

C3.2.7  Missile  Explosives 

The  missile  is  equipped  with  explosive  and  hypergolic  devices  to  initiate 
various  functions  in  a  predetermined  sequence  during  countdown,  launch, 
and  flight.  These  functions  include  activating  the  main  missile  battery, 
starting  rocket  engines,  initiating  booster  separation,  retarding  the 
missile  tank  section  after  re-entry  vehicle  separation,  and  destroying  the 
missile  tank  section  after  re-entry  vehicle  separation  or  (VAFB  only) 
destroying  the  missile  if  range  safety  is  threatened  during  a  training 
launch.  Figure  Cj-9  shows  the  location  of  missile  explosive  assemblies. 

The  main  missile  battery  is  energized  at  the  start  of  countdown  by  a 
squib.  Activation  of  the  squib  results  in  the  production  of  gas,  which 
upon  expansion  ruptures  the  plastic  diaphragms  containing  the  battery 
electrolyte,  forcing  it  under  gaseous  pressure  into  the  cells.  After  the 
electrolyte  is  forced  into  the  cells,  the  gas  escapes  through  a  small 
orifice  to  a  vent.  The  battery  cannot  be  recharged.  If  the  launch  is 
aborted,  the  battery  must  be  removed  from  the  missile  within  ten  hours 
following  activation. 

Four  types  of  devices  are  used  to  start  missile  engines:  solid  propellant 
gas  generators,  solid  propellant  gas  generator  initiators,  gas  generator 
igniters,  and  hypergolic  igniters.  The  solid  propellant  gas  generators 
provide  power  to  start  the  turbopumps  supplying  propellants  to  the  booster 
and  sustainer  engines.  Ignition  of  the  gas  generators  takes  place  when  an 
engine  start  command  is  sent  from  the  launch  control  system,  firing  the 
solid  propellant  gas  generator  initiators  that  produce  hot  particles  and 
gases  to  fire  the  solid  propellant  gas  generators.  The  solid  propellant 
gas  generators,  in  turn,  produce  hot  gas  that  drives  the  booster  and 
sustainer  turbopumps  up  to  the  speed  and  pressure  required  to  feed  liquid 
propellants  to  the  engine  thrust  chambers  and  to  the  liquid  propellant  gas 
generators.  The  liquid  propellant  gas  generators  power  the  engine 
turbopumps  after  the  solid  propellant  gas  generators  have  burned  out. 
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Gas  generatoi:  igniters  are  pyrotechnic  devices  that  start  the  burning  of 
propellant  mixtures  in  the  combustion  chambers  of  the  liquid  propellant 
gas  generators.  Two  igniters  are  installed  in  each  liquid  propellant  gas 
generator.  They  are  fired  electrically  by  signals  from  the  launch  control 
system.  Sustainer  gas  generator  igniters  are  fired  simultaneously  with 
the  sustainer  engine  lock-in  signal,  and  the  booster  gas  generator 
igniters  are  fired  simultaneously  with  the  solid  propellant  generators 
that  start  the  booster  turbopumps.  The  pyrotechnic  material  from  the 
igniter  cartridges  is  already  burring  when  the  gas  generator  propellant 
valves  admit  the  flow  of  liquid  propellants,  causing  immediate  ignition. 

Hypergolic  igniters  start  combustion  in  the  booster,  sustainer,  and 
vernier  engine  thrust  chambers.  Each  igniter  consists  of  a  casing 
containing  a  slug  of  hypergolic  fuel  held  in  place  by  burst  diaphragms. 

The  hypergolic  fuel  burns  spontaneously  upon  contact  with  oxygen.  When 
the  turbopumps  start,  a  portion  of  the  fuel  being  pumped  to  the  engines  is 
sent  through  ignition  fuel  valves  to  the  hypergolic  igniters.  There,  fuel 
pressure  ruptures  the  burst  diaphragms,  forcing  a  slug  of  hypergol  into 
each  trust  chamber.  The  hypergol  combines  with  the  liquid  propellants, 
which  instantly  ignite,  starting  the  engines. 

Booster  section  separation  at  staging  is  activated  by  the  separation 
explosive  valve  assembly,  consisting  of  two  explosive  valves  mounted  and 
wired  in  parallel.  The  firing  of  either  valve  activates  the  booster 
separation  mechanism,  which  consists  of  four  hook-type  latches  on  the  skin 
structure  of  the  booster  section  that  mate  with  four  stirrups  on  the  tank 
section.  At  staging,  an  electrical  impulse  from  the  flight  control 
autopilot  subsystem  programmer  fires  the  separation  explosive  valves, 
driving  a  plunger  through  a  diaphragm,  which  releases  pressurized  helium 
gas  for  distribution  through  a  manifold  to  the  four  latches.  All  latches 
open  simultaneously,  and  the  booster  section  separates  from  the  missile 
body.  The  booster  engines  are  shut  off  just  bcf'  re  actuation  of  the 
separation  explosive  valves. 

A  single  retarding  rocket  is  located  in  a  fairing  forward  of  each  vernier 
engine,  and  two  retarding  rockets  are  installed  in  the  forward  end  of  the 
B-2  equipment  pod.  The  thrust  chambers  of  these  rockets  point  toward  the 
front  of  the  missile.  The  retarding  thrust  generated  by  the  rocket  slows 
the  forward  velocity  of  the  missile  body,  enabling  the  re-entry  vehicle  to 
move  away  from  it  without  interference.  Two  seconds  after  re-entry 
vehicle  separation,  the  retarding  rockets  fire  upon  receipt  of  a  signal 
from  the  flight  programmer.  The  missile  body  is  fragmented  by  a  tank 
fragmentation  explosive  assembly;  the  re-entry  vehicle  continues  on  its 
planned  trajectory  to  the  target. 

The  tank  fragmentation  explosive  assembly  consists  of  a  metal  case,  two 
squibs,  two  booster  charges,  the  main  explosive  charge,  and  associated 
wiring.  A  destruct  command  signal  received  from  the  autoiriatic  pilot 
subsystem  fires  the  explosive  assembly  at  a  preselected  time  after 
re-entry  vehicle  separation.  Detonation  of  the  unit  ruptures  the 
Intermediate  bulkhead  between  the  fuel  and  oxidizer  tank,  fragmenting  the 
missile. 
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C3.3  MISSION  SCENARIO 


C3.3.1  Launch  Vehicle 

The  HGM16F  missile  can  deliver  a  thermonuclear  warhead  or  other  re-entry 
vehicle  payloads  to  a  target  area  farther  than  5500  miles  away.  Boosting 
and  guiding  of  the  re-entry  vehicle  into  the  desired  ballistic  trajectory 
are  accomplished  by  the  basic  missile  with  five  rocket  engines,  a  flight 
control  system,  an  inertial  guidance  subsystem,  and  associated  subsystems. 

The  missile  guidance  control  is  located  in  the  lower  portion  of  the 
missile  guidance  pod.  It  functions  as  an  interconnecting  and  switching 
point  between  the  airborne  elements  of  the  subsystem  and  provides 
amplification  and  power  for  the  operation  of  the  inertial  guidance  sensing 
platform. 

The  coordinate  system  is  established  and  maintained  prior  to  missile 
launch  by  leveling  the  platform  with  the  pendulums  and  aligning  the  X-axis 
accelerometer  to  the  target  azimuth.  The  y-  and  z-axis  accelerometers  are 
thus  oriented  to  sense  lateral  and  vertical  accelerations  respectively, 
while  the  x-axis  accelerometer  senses  down-range  accelerations. 

Stabilization  of  the  sensing  platform  assembly  during  standby  is  needed  to 
prevent  the  accelerometers  from  sensing  inflight  accelerations  that  are 
not  parallel  to  the  axes  of  the  reference  coordinates.  Two  two-DOF 
gyroscopes  maintain  this  orientation  after  missile  launch.  The  gyroscopes 
are  at  their  null  position  when  the  accelerometer  axes  correspond  with  the 
axes  of  the  reference  coordinates.  Any  tendency  of  the  platform  to 
deviate  from  its  original  launch  point  orientation  is  sensed  by  the 
gyroscopes,  which  dispatch  signals  to  servoamplif iers ,  which  power 
servo-motors  to  maintain  the  stable  position. 

The  missile  guidance  computer  is  located  in  the  upper  portion  of  the 
missile  guidance  pod.  The  X,  Y,  and  Z  output  signals  from  the 
accelerometers  and  the  elapsed  time  furnish  the  data  from  which  the 
computer  calculates  the  re-entry  vehicle  release  point.  To  determine 
missile  position  and  velocity,  the  computer  processes  these  output  signals 
together  with  precomputed  target  constants  and  time.  Computer  output 
signals  (discrete  and  steering)  are  sent  to  the  autopilot  subsystem  to 
accomplish  yaw  steering,  booster  staging,  sustainer  engine  cutoff,  and 
vernier  engine  cutoff. 

During  powered  flight,  from  the  moment  of  launch  until  vernier  engine 
cutoff,  the  computer  continuously  calculates  missile  position  and 
velocity.  Position  is  considered  in  the  three  dimensions  (X,  Y,  and  Z). 
From  missile  position  and  velocity  calculations,  the  computer  determines 
where  the  re-entry  vehicle  would  strike  the  Earth's  surface  if  all  engines 
were  shut  off  and  the  re-entry  vehicle  were  allowed  to  enter  free  fall. 

The  computed  impact  point  is  compared  to  the  desired  impact  point. 
Continuous  calculations  of  range  error  functions  (REF)  and  cross-range 
error  functions  (CEF)  are  made  during  flight.  Cross-range  error  function 
(CEF)  is  the  error  in  azimuth  which  would  result  if  the  missile  maintained 
its  course.  To  bring  the  missile  back  on  course  when  CEF  varies  from  the 
programmed  flight  path,  yaw  steering  signals  are  generated. 
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While  the  engines  are  operating,  the  velocity  of  the  missile  is  constantly 
increasing,  changing  the  calculated  impact  point.  The  calculated  impact 
point  thus  comes  closer  to  target  point,  and  REF  decreases  as  the  missile 
traverses  its  trajectory. 

Engine  cutoff  occurs  in  three  stages.  When  the  missile  guidance  computer 
determines  that  missile  range  velocity  (Vx)  has  attained  a  specified 
value,  it  generates  a  signal  to  accomplish  booster  engine  cutoff  and 
staging.  The  sustainer  and  vernier  engines  continue  to  propel  the 
missile.  As  the  free  fall  point  (re-entry  vehicle  separation)  comes 
closer,  and  at  a  specified  value  of  range  error  function,  the  computer 
generates  a  signal  for  sustainer  engine  cutoff.  Missile  velocity 
increases  very  slowly  after  sustainer  engine  cutoff  because  only  the 
vernier  engines  are  still  operating.  When  the  calculated  range  error 
function  approaches  a  predetermined  point,  the  computer  generates  a 
vernier  engine  cutoff  signal.  The  re-entry  vehicle  then  separates  and 
enters  a  free-fall  trajectory  to  the  target. 

C3.3.2  Re-Entry  Vehicle  -  The  Mark  IV  re-entry  vehicle  houses  the  missile 
payload,  protects  it  dviring  re-entry  into  the  atmosphere,  fuzes  and  arms 
the  warhead,  and  transports  the  payload  to  the  target  area  during  the 
final  portion  of  flight.  It  is  of  the  ablative  type,  structurally 
consisting  of  a  noze  section,  center  section,  and  aft  section.  Functional 
systems  include  a  separation  system  and  an  arming-fuzing  system. 

Prearming  of  the  warhead  occurs  during  flight  upon  receipt  of  a  signal 
from  the  flight  control  system  when  the  missile  has  reached  a 
predetermined  position.  When  the  ideal  release  point  is  reached,  the 
re-entry  vehicle  separates  from  the  missile  tank  section  for  its  final 
plunge  to  the  target. 

After  separation,  the  re-entry  vehicle  is  rotated  on  its  longitudinal  axis 
at  a  slow  spin  rate  for  stability.  Retarding  rockets  in  the  missile  tank 
section  are  fired  to  decelerate  the  airframe  to  prevent  the  possibility  of 
interference  with  the  planned  trajectory  of  the  re-entry  vehicle.  The 
warhead  (if  installed)  is  detonated  above  the  target  (air  burst)  or  on  the 
target  (ground  burst)  as  determined  by  preselection.  The  ground  burst 
capability  also  serves  as  a  backup  in  ^he  event  of  an  airburst  selection 
failure. 

C3.3.3  Missile  Flight  Safety  System  (Vandenherg  Air  Force  Base  (VAFB) 

Only) 

A  missile  flight  safety  system  is  provided  in  training  launch  missile  for 
intentionally  destroying  the  missile  should  the  missile  have  an  erratic 
flight  which  may  endanger  populated  areas.  Transducers  aboard  the  missile 
monitor  critical  pressures,  temperatures,  velocities,  and  attitudes.  The 
output  signals  of  the  transducers  are  adapted  for  transmission  to  ground 
control  stations  for  evaluation.  Beacon  tracking  signals  and  electronic 
(radar)  surveillance  data  are  used  by  the  ran^e  safety  officer  in  reaching 
a  missile  destruct  decision.  Should  the  range  safety  officer  decide  to 
destroy  the  missile,  a  destruct  push-button  on  the  range  safety  officer 
console  is  depressed,  which  causes  the  command  destruct  transmitter  to 
send  a  coded  signal  to  the  missile,  igniting  primers  of  an  explosive 
charge  mounted  near  the  fuel  and  oxidizer  tank  bulkhead.  Detonation  of 
this  explosive  charge  destroys  the  missile. 


C3-15 


C3.3.4  Countdown  Exercises  -  Six  different  and  separate  launch  exercises 
may  be  performed  with  the  weapon  system. 

1.  Tactical  Launch  Countdown.  A  tactical  launch  countdown  shall  be 
initiated  at  an  alert  status  complex  upon  receipt  of  a  valid  and 
authenticated  launch  order.  The  complex  is  prepared  for  alert  status 
using  appropriate  maintenance  flow  diagrams  and  is  maintained  on  alert 
through  daily  inspection,  servicing,  and  repair. 

2.  Training  Launch  Countdown.  A  training  launch  countdown  may  be 
initiated  only  after  appropriate  preparation.  These  exercises  are 
performed  to  checic  functional  integrity  of  the  launch  complex,  missile, 
and  combat  crew  personnel.  Preparation  for  countdown  and  mission  are 
different  than  that  of  a  tactical  launch;  however,  the  countdown  sequence 
is  identical. 

3.  Propellant  Loading  Exercise  Countdown  (PLX).  A  propellant  loading 
exercise  countdown  may  be  initiated  only  after  appropriate  preparation. 
These  exercises  are  performed  to  check,  the  (a)  functional  integrity  of  a 
launch  complex  and  missile  on  EWO  alert  status,  (b)  evaluation  of 
combat-ready  crews  in  performance  of  countdown  procedures,  and  (c) 
training  of  combat  crew  personnel.  Countdown  sequence  to  the  point  of 
launch  is  identical  to  that  of  a  tactical  countdown. 

4.  Maintenance  Countdown.  A  maintenance  countdown  may  be  initiated 
only  after  appropriate  preparation.  These  exercises  are  performed  in 
support  of  maintenance  functions. 

5.  Launch  Signal  Responder  Countdown  (LSR).  A  launch  signal  responder 
countdown  may  be  initiated  only  after  appropriate  preparations.  These 
exercises  are  performed  in  support  of  maintenance  and  evaluation/training 
of  missile  combat  crew  personnel.  Countdown  sequence  as  it  appears  in  the 
launch  control  center  is  identical  to  a  tactical  or  PLX  countdown. 

6.  Simulated  Countdown  (Tank  Through).  A  simulated  countdown  may  be 
initiated  at  any  time  with  no  special  preparation,  as  no  systems  are 
activated.  These  exercises  are  performed  to  train  and  maintain  countdown 
proficiency  of  the  missile  combat  crew  members. 
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Figure  C3-2  HGM16F  Strategic  Missile 
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Figure  C3-3  Missile  Propulsion  System 
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Figure  C3-6  Inertial  Guidance  System 
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Figure  C3-7  Missile  Pneumatic  System 
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CA.O  INTRODUCTION 

The  following  data  were  extracted  from  the  Countdown  Summary,  Launch/Hold 
Criteria,  and  Flight  Events,  ac-63,  (Intelsat  VA  Mission  F-10),  Convair 
Division  of  General  Dynamics,  San  Diego,  CA,  Feb  1985  and  the  Atlas/ 

Centaur  Configuration,  Performance,  and  Weight  Status  Report,  compil  d  by 

H. D.  Nilsen,  General  Dynamics,  Convair  Division,  Mar  1985. 

C4.1  GENERAL  DESCRIPTION 

Atlas/Centaur  (See  Fig.  C4-1)  is  41.9  Meters  (137,6  feet)  tall  and  3 
meters  (10  feet)  in  diameter.  With  payload,  it  weighs  approximately 
163,523  kilograms  (360,500  pounds)  at  liftoff.  Thrust  of  the  Atlas  is 

I, 950,074  newtons  (438,416  pounds)  at  liftoff,  and  thrust  of  Centaur  is 
146,784  newtons  (33,000  pounds)  in  a  vacuum. 

C4.1.1  Launch  Vehicle 

Atlas/Centaur  vehicles  are  built  by  General  Dynamics /Convair  (GD/C)  and 
launched  by  a  combined  NASA/GD/C  team.  This  two-stage,,  liquid-fueled 
vehicle  has  been  used  to  launch  a  variety  of  scientific  and  technological 
spacecraft.  These  have  Included  Surveyors  to  the  moon;  Mariners  to  Venus, 
Mercury,  and  Mars;  and  Pioneers  to  Jupiter/Satum.  It  has  placed 
Applications  Technology  Satellites  and  COMSTAR,  INTELSAT,  and  FLTSATCOM 
communications  satellites  into  geos3mchronous  transfer  orbits.  Orbiting 
Astronomical  Observatories  weighing  up  to  2,268  kilograms  (5,000  pounds) 
have  been  placed  in  orbits  as  high  as  740  kilometers  (460  statute  miles) 
above  the  earth.  The  Atlas/Centaur  is  the  most  powerful  uninanned  vehicle 
now  launched  by  NASA.  In  1984  it  was  upgraded  by  lengthening  the  Atlas 
stage  to  provide  larger  propellant  tanks.  The  Centaur  stage  has  been 
improved  by  substituting  attitude  control  thrusters  powered  by  hydrazine 
(used  as  a  monopropellant)  for  ones  powered  by  hydrogen  peroxide  and  by 
replacing  the  oxygen  and  hydrogen  propellant  pumps  by  pressure-fed  systems. 

C4.1.2  Atlas  Stage 

The  23.3-meter  (76.3-foot)  first  stage  is  an  uprated  version  of  the 
flight-proven  Atlas  vehicle  used  in  the  national  space  program  since 
1959.  The  Rockwell  Internet ional/Rocketdyne  MA-5  engine  system  burns 
RP-1,  a  highly  refined  kerosene,  and  liquid  oxygen.  The  MA-5  uses  two 
main  engines,  a  l,679,120-newton8  (377,500-pound)  thrust  booster  engine 
with  two  thrust  chambers  and  a  smaller  sustainer  with  a  single  thrust 
chamber  that  produces  266,900  newtons  (60,000  pounds)  of  thrust.  The 
sustainer  nozzle  is  located  between  the  two  larger  ones  of  the  booster 
engine.  Two  small  vernier  engines  that  help  control  the  vehicle  in  flight 
are  also  burning  at  liftoff  for  a  total  thrust  of  1,950,074  newtons 
(438,416  pounds).  Total  weight  at  liftoff  is  about  163,523  kilograms 
(360,500  pounds). 
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An  unusual  feature  of  the  Atlas  vehicle  is  its  "stage-and-a-half " 
construction.  All  five  thrust  chambers  are  burning  at  liftoff.  After 
more  than  2.3  minutes  of  flight,  the  booster  engine  cuts  off  and  its 
supporting  structures  are  jettisoned,  deleting  a  large  portion  of  the 
structural  weight  of  this  stage.  The  sustalner  and  vernier  engines 
continue  to  burn  until  the  propellants  are  gone,  at  about  4.75  minutes. 
This  means  that  an  Atlas  retains  most  of  the  weight  reduction  advantage 
gained  by  jettisoning  a  used-up  stage  but  does  not  have  to  ignite  its 
engines  in  flight  as  a  separate  stage  must. 

The  only  radio  freque.icy  system  on  the  Atlas  is  a  range  safety  command 
system  consisting  of  two  receivers,  a  power  control  unit,  and  a  destruct 
unit.  The  Atlas  can  be  destroyed  in  flight  by  ground  control  if 
necessary,  but  otherwise  receives  all  its  control  directions  from  the 
Centaur  stage. 

C4 . 1 . 3  Centaur  Stage 

The  Centaur  stage  sits  above  the  Atlas  on  a  barrel-shaped  interstage 
adapter.  The  Atlas  and  Centaur  separate  two  seconds  after  the  Atlas  burns 
out.  Eight  small  retrorockecs  near  the  bottom  of  the  Atlas  fuel  tank  then 
back  this  stage  away  from  the  Centaur. 

The  Centaur  stage  is  9.1  meters  (30  feet)  in  length  without  the  fairing  on 
top.  Exclusive  of  payload,  it  weighs  about  17,700  kilograms  (39,000 
pounds)  when  loaded  with  propellants.  The  main  propulsion  system  consists 
of  two  Pratt  and  Whitney  engines  burning  liquid  oxygen  and  liquid 
hydrogen,  producing  146,784  newtons  (33,000  pounds)  thrust  in  the  vacuum 
of  space  in  which  they  are  designed  to  operate.  These  engines  can  be 
stopped  and  restarted,  allowing  the  Centaur  to  coast  to  the  best  point 
from  which  to  achieve  its  final  trajectory  before  igniting  fcr  another 
burn.  While  coasting,  the  stage  is  controlled  by  12  small  thruster 
engines,  powered  by  hydrazine.  These  hold  the  stage  steady  and  provide  a 
small  constant  thrust  to  keep  the  propellants  settled  in  the  bottoms  of 
their  tanks,  as  needed  for  a  second  or  third  burn. 

A  cylindrical  nose  fairing  with  a  conical  top  sits  on  the  Centaur  and 
protects  the  spacecraft.  Total  vehicle  height  is  41.9  meters  (137.6 
feet).  Both  stages  are  three  meters  (10  feet)  in  diameter. 

An  adapter  on  top  of  this  module  connects  to  the  payload  adapter  on  the 
bottom  of  the  spacecraft.  These  electronic  packages  provide  an  integrated 
flight  control  system  that  performs  the  navigation,  guidance,  autopilot, 
attitude  control,  sequence  of  events,  and  telemetry  and  data  management 
functions  for  both  the  Atlas  and  Centaur  stages.  The  heart  of  this  system 
is  a  Digital  Computer  Unit  (DCU)  built  by  Teledyne.  The  OCU  sends 
commands  to  control  most  planned  actions,  including  all  but  items  one, 
two,  and  five  in  Table  C4-1.  The  DCU  receives  guidance  information  from  a 
combination  of  sensors  called  the  Inertial  Measurement  Group,  built  by 
Honeywell,  and  sends  steering  commands  to  all  Atlas  and  Centaur  engines. 
The  Centaur  also  has  a  ground-controlled  destruct  system,  similar  to  that 
on  the  Atlas,  in  case  the  vehicle  must  be  destroyed  in  flight. 
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The  Centaur  uses  the  most  powerful  propellant  combination  available,  has  a 
lightweight  structure,  and  has  an  engine  burn  time  of  up  to  7-1/2  minutes, 
the  longest  of  any  upper  stage  now  in  service.  This  gives  it  the  most 
energy  for  its  size  of  any  stage  yet  built.  (See  tigs.  C^-2  through  C4-5 
for  configurations)  (See  Table  C4-1  for  a  performance  summary  for  the 
FLTSATCOM  mission. ) 

Cl* .  2  SYSTEMS  DESCRIPTIONS,  HAZARDOUS  MATERIALS.  SCHEMATICS 


CA.2.1  Atlas  Stage 

1.  Stage  Identification  -  EID69-0050 

2.  Vehicle  Structures 

Atlas  G  Configuration  (81  inches  longer  than  Atlas  D) 
Additional  Thermal  Protection  (B1  and  62  pod  noses  with  cork 
insulation  and  chemseal  on  aft  nacelle  in  area  of  kick  strut 
fitting) 

3.  Propulsion  System 

Rocketdyne  MA-5  system  (two  booster  engines,  two  vernier 
engines,  one  sustainer  engine) 

a.  Atlas  Booster  Engines 
-  370K  Thrust  Biased: 


Thrust,  lb  377,500 

Isp,  sec  258.98 

Mixture  Ratio  2.25 

b.  Atlas  Sustainer  Engine 

-  60K  Thrust  Biased 

Thrust,  lb  60,500 

Isp,  sec  220.008 

Mixture  Ratio  2.22 

c.  Atlas  Vernier  Engines 

Thrust,  lb  922.1 

Isp,  sec  178,538 

Mixture  Ratio  I. 5324 


(See  Figs.  C4-6  through  C4-9  schematics) 

Sustainer  LO2  reference  pressure  regulator  modified  to  sense  constant 
sea-level  reference  pressure  during  flight 

Minimum  residual  propellant  sensors 

Engine  relay  box  (mounted  in  equipment  pod) 
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Table  C4-1  Performance  Sunmary  for  FLTSATCOM  Mission,  ac-67 


ac-67 

FLTSATCOM 

MISSION 

CURRENT 

PREVIOUS 

CHANGE 

Nominal  Centaur  Burnout  Weight  (BOW) 

9,U72 

9,471 

+  1 

Centaur  Mission  Peculiar  Jettison  Weight 

U,ZkO 

4,224 

+  16 

Basic  Jettison  Weight 

4,R2 

4,124 

+  18 

Spacecraft  Adapter 

Centaur-LVMP  (Launch  Vehicle  Mission 

86 

86 

0 

Peculiar ) 

12 

14 

-  2 

Payload  Systems  Weight  Commitment 
(PSWCMT) 

5,112 

5,114 

-  2 

Payload  System  Weight  Capability  (PSWC) 

5,112 

5,114 

-2 

Payload  System  Weight  (PSW) 

5,112 

5,114 

-  2 

Separated  Spacecraft 

5,014 

5,014 

0 

Spacecraft  Adapter 

86 

86 

0 

Centaur  LVMP 

12 

14 

-  2 

Nose  Fairing  LVMP 

55 

55 

0 

Net  Payload  Capability  Margin  (PCM) 

0 

0 

0 

Centaur  Propellant  Ecess  (PE) 

218 

233 

-15 

.  Flight  Performance  Reserve  (FPR) 

212 

220 

-  8 

Launch  Vehicle  Contingency  (LVC) 

6 

13 

-  7 

Centaur  Propellant  Margin  (PM) 

0 

0 

0 

Ck-i* 


Hydraulic  System 


Booster  hydraulic  pump  accumulator,  hydraulic  fluid  tank,  and 
four  engine  actuators > 

Sustainer/vernier  hydraulic  pump,  accumulator,  hydraulic  fluid 
tank,  and  six  engine  actuators  (vernier  yaw  actuators  locked 
and  non-operating). 

Fuel/hydraulic  interface  valve 

(See  Fig.  C4-10  schematic) 

5.  Pneumatic  System 

Tank  pressurization  -  refrigerated  heliiun  storage 
Eight  bottles,  34.1  ft^ 

Engine  controls  -  one  ambient  temperature  helium  bottle, 

2.69  ft3 

LO2  tank  venting  -  single  boiloff  valve 
Programmed  LO2  tank  pressurization 
Propellant  Densities  (Tanking) 

-  Atlas  RP-1,  49.81  Ib/ft^  at  77.7“F  (mean  annual) 

-  Atlas  RP-1,  49.69  Ib/ft^  at  82.57T  (June) 

-  Atlas  RP-1,  50.05  lb/ft3  at  67.58T  (March) 

-  Atlas  LO2,  69.40  Ib/ft^  at  25. CO  psia 

Atlas  Tanking  Pressures  (Minimum  and  Maximum) 

-  RP-1  tanking.  Phase  i 

LO2  tank,  6.55  -  7.45  psig 
RP-1  tank,  14.65  -  16.10  psig 

LO2  tanking.  Phase  II 

LO2  tank,  9.50  -  11.00  psig 
RP-1  tank,  67.45  -  69.20  psig 

Phase  III 

LO2  tank,  28.50  -  30.20  psig 
RP-1  tank,  67.45  -  69.20  psig 

-  Flight/Internal 

LO2  tank,  26.0  29.0  psig  t  3  0  to  20  sec 

33.0  -  35.0  psig  t  =  20  to  60  sec 

32.0  -  35.0  psig  t  =  6C  sec  up 

RP-1  tank,  64.0  -  67.0  psig 

(See  Fig.  C4-11  schematic) 
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6.  Propellant  Utilization 


LO2  and  fuel  mercury  manometer  matched  set 
Propellant  Utilization  Unit  (PUU) 

Tank  Volume,  Nominal  (Including  Lines) 

-  Atlas  G 

RP-1,  1911.69  fu3 
LO2,  3078.72  ft3 

Ullage  Volume  (Nominal  at  TankingO 

-  Atlas  RP-1,  19.61  ft^ 

Atlas  LO2.  28.36  ft^ 

(See  Figs.  C4-12  and  CA-13  schematics) 

7.  Electrical  System 

Single  28-Vdc  main  vehicle  battery 

Single  phase  inverter  (combined  with  servo  in  SIU) 

Power  changeover  switch  (dc  only) 

Pyrotechnic  control  unit  (mounted  in  B-1  equipment  pod) 
Programmed  pressurization  -  one  box 
Booster  section  separation  -  one  box 

Retrorocket  pyro  control  unit  (mounted  in  B-2  equipment  pod) 

8.  Range  Safety  Command 

Two  RSC  receivers 

Two  28-Vdc  RSC  batteries 

One  destruct  unit 

Power  control  unit 

Hybrid  junction 

Two  antennas  (one  in  each  equipment  pod) 

9.  Instrumentation  and  Telemetry  System 
PCM  signal  conditioner 

Remote  multiplexer 
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9.  Separation  Systems 


Booster  thrust  section  -  ten  pneumatically  operated  separation 
fittings 

Atlas/Centaur  -  eight  retrorockets  at  Sta  1133 

(See  Fig.  CA-IA  for  Atlas/Centaur  Separation  Instrumentation 
and  Antenna  Locations.) 

10.  Flight  Control 

2-R  ate  gyro  package  mounted  at  Sta  454 
Servoamplif ier  combined  with  inverter  (SlU) 

Derived  roll  rate  signal  from  Centaur 
Position  reference  from  Centaur 
Isolation  transformer 

(See  Figure  C4-15  for  Atlas  flight  control  system  block 
diagram. ) 

f 

C4.2.2  Centaur  Stage  ' 

1.  Vehicle  Structures 

Centaur  D-1  configuration  without  booster  pumps. 

Equipment  module  for  electronic  packages  and  payload  support 
LH2  tank  baffle  not  installed 

2.  Stub  Adapter 

Approximately  25-lnch-high  aluminum  skin  and  stringer 
cylindrical  structure  (approximately  120-inch  diameter)  with 
cork  and  hinge  beef-up. 

3.  Equipment  Module 

Approximately  119  to  68-iuch-diameter  aluminum  skin  and 
stringer  conical  structure  for  mounting  electronic  packages  and 
payload  adapter  support. 

4.  Payload  Support 

Convair  adapters  -  aluminum  skin  and  stringer  construction: 
INTELSAT,  18.75-inch-high  conical 
FLTSATCOM,  23.6  inch-high  cylinder 
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3.  Insulation 


Forward  bulkhead  -  multilayer  insulation  blankets 

Aft  bulkhead  -  thermal  radiation  shielding 

Cylindrical  section  -  four  jettisonable  fiberglass  sandwich 
panels 

6.  Payload  Fairing 

Approximately  29-foot-high  conical/cylindrical  fiberglass  nose 
fairing  attached  to  a  56-inch  aluminum  skin  and  stringer  split 
barrel . 

7.  Propulsion  System 

Centaur  Main  Engines  RL10A-3-3A  performance 
(Two  engines) 


Nominal  at  5:1  Mixture  Ratio  with  silver  throat. 

Tnrust,  lb  32,823 

Isp,  sec  4A8.37 

Centaur  Engine  prestart  impulse 

First  Burn,  lb-sec  2,670 

Second  Burn,  lb-sec  2,5A0 

Centaur  Engine  start  impulse  (MES  to  MRS  >3.0  sec) 

First  Burn,  lb-sec  34,940 

Second  Burn,  lb-sec  34,940 

Centaur  Engine  Shutdown  Impulse  (MECO  to  MECO  >0.5  sec) 
First  burn,  lb-sec  3,407 

Second  Burn,  lb-sec  3,127 

Centaur  Engine  Leakage  (Parking  Orbit  Coast) 

LHo  W  Ib/min  0.0026 

LO2  W,  Ib/min  0.0078 


(See  Fig.  04-16,  Centaur  engine  propellant  flow) 

9.  Reaction  Control  System  (RCS) 

Two  clusters  -  four  6-lbf  thrusters  per  cluster 
Two  clusters  -  two  6-lbf  thrusters  per  cluster 
One  hydrazine  bottle  with  170-lbf  storage  capacity 
Associated  valves 
Heated  feed  lines 

Hydrazine  control  panel  with  heaters 
(See  Fig.  C4-17,  Centaur  Hydrazine  RCS) 
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10.  Hydraulic  System 

Hydraulic  power  units  (one  on  each  engine) 

Four  engine  actuator  assemblies 

(See  Fig.  C4-18,  for  Centaur  hydraulics  system  schematic:) 

11.  Pneumatic  System 

a.  Helium  bottle  supply  (tank  -f  engine  controls) 

(1)  Titanium  (19,380  in^  total) 
one  4650  in-^  bottle 

two  7365  in^  bottles 

(2)  Composite  (16,362  in^  total) 
two  8181  in^  (minimum)  bottles 

b.  Inflight  purge  system  -  single  helium  bottle  supply  4650 
in^  in  ISA 

c.  Zero-g  purge  on  LO2  standpipe 

d.  Tank  venting 

(1)  Dual  uHo  tank  vent  valves,  both  with  locking 
capability 

(2)  Single  LO2  vent  valve 

(3)  Dual  LH2  vent  ducts 

e.  Pre-MES  tank  pressurization  (helium) 

(1)  Pressurization  of  vehicle  tanks  controlled  by  DCU/SCU 
using  three  analog  pressure  sensors  in  each  tank 

(2)  LH2  tank  pressurization  -  two  valves  in  parallel 

(3)  LO2  tank  pressurization  -  two  valves  in  parallel 

(4)  Control  valve  upstream  of  the  primary  solenoid  valves 

f.  Tank  pressurization  during  engine  firings 

(1)  Pressurization  of  vehicle  tanks  controlled  by  DCU/SCU 
using  three  analog  pressure  sensors  in  eacn  tank 

(2)  LH2  tank  pressurization 
GH2  bleed  pressurization 

(a)  Two  parallel  legs  with  two  valves  in  series 

(b)  One  leg  with  constant  flow  orifice 
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(3)  LOo  Tank  Pressurization 

Heliiun  pressurization  (same  system  as  pre-MES 
pressurization) 

Centaur  Tankin^;  Pressures 

Regulating  Range  (minimum  and  maximum) 

LO2  vent  valve  range,  29.0  -  32.0  psia 

LK2  primary  vent  valve  range,  19.0  -  21.5  psia 

LH2  secondary  vent  valve  range,  24.8  -  26.8  psia 

Propellant  Densities  (Tanking) 

Centaur  LH2,  4.20  Ib/ft^  at  21.80  psia 
Centaur  LO2,  68.6  Ib/ft^  at  30.30  psia 

(See  Figs.  C4-19  and  C4-20  for  Centaur  Pneumatic  System.) 

12.  Propellant  Level  Indicating  System 

Probe  mounted  sensors  internal  to  LO2  and  LH2  tanks 

13.  Propellant  Utilization 

PU  electronics  incorporated  within  SIU 

LO2  and  LH2  tank  probes 

Two  servopositioners 

Tank  Volume,  Nominal 

Centaur 

LH2,  1268.22  ft3 
LO2,  376,94  ft3 

Ullage  Volume 

Centaur  LH2»  11.20  ft^  ,  i 

Centaur  LO2,  6.60  ft^ 

(See  Figs.  C4-21  and  C4-22  for  Centaur  Propellant  Utilization 
System. ) 

14.  Guidance  and  Flight  Control 

Digital  computer  unit  (DCU)  (contains  PCM  central  control  unit, 
random  access  core  memory) 

Inertial  measurement  group  (IMG)  (consists  of  inertial 
reference  unit  and  systems  electronics  unit) 

Servo  inverter  unit  (SIU) 
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Sequence  control  unit  (SCU) 
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15.  Range  Safety  Cononand 

Two  RSC  receivers 

Two  28-Vdc  RSC  batteries 

Power  control  unit 

Hybrid  junction 

Two  tank-mounted  antennas 

Safe/arm  initiator  mounted  on  Centaur 

High-explosive  block  charge 

MDF  (from  H.E.  charge  to  S/A  initiator) 

(See  Fig.  C4-23  for  Centaur  Range  Safety  System.) 

16.  Tracking  System 
C-Band  transponder 

Two  tank  mounted  antennas 

17.  Electrical  System 

Single  28-Vdc  main  vehicle  battery  (100  A-Hr) 
with  Lightweight  Case 

Static  inverter 

Combined  with  SCU 

Power  changeover  switch 
Combined  with  SCU 

Umbilicals 

Three  Centaur 
Payload  umbilical  (one) 

18.  Instrumentation  and  Telemetry  System 
Ring  Coupler 

Two  S-Band  antennas  mounted  on  stub  adapter 

PCB  Telemetry 

S-Band  transmitter 
Remote  multiplexer  (1) 

Signal  conditioner 

Add  instrumentation  for  insulation  panels  separation. 
R&D  Instrumentation 


C4-11 


19.  Interstage  Adapter 

Aluminufli  skin  and  stringer  structure 

20.  Pyrotechnic  Systems 

Centaur  to  booster  separation 

One  pyrotechnic  control  unit  in  ISA 
Shaped  charge  and  detonator  installation 
Fired  by  Atlas  vehicle  battery 

Insulation  panel  separation 

One  pyrotechnic  control  unit  in  nose  fairing 

One  pyrotechnic  control  unit  in  ISA 

Shaped  charge  and  detonator  installation 

Fired  by  Atlas  vehicle  battery/pyrotechnic  batteries 

Insulation  panel  vont/equipment  module  vent  actuation 
One  pyrotechnic  control  unit  in  nose  fairing 

Nose  fairing  separation 

Four  pyrotechnic  control  units  in  nose  fairing 

Two  pyrotechnic  batteries 

Explosive  bolts 

Payload  pyrotechnic  functions 
Pyrotechnic  control  unit 

Pyrotechnic  shutoff  valves 

Pyrotechnic  control  unit  mounted  in  interstage 
adapter  (fired  by  Atlas  battery) 

Pyrotechnic  hydrazine  isolation  valves 

Pyrotechnic  control  unit  mounted  in  ISA 
(fired  by  Atlas  battery) 

(See  Fig.  CA-24  for  Atlas/Centaur  Separation  Pyrotechnic 
Diagram. ) 

C4.3  MISSION  SCENARIO 

Figure  Ck-15  gives  a  mission  summary  for  the  INTELSAT  VA  (FIO), 
which  places  a  communication  satellite  into  geosynchronous  orbit. 
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Ci* .  3 . 1  Lavuich  Countdown  Automatic  Sequence  Functions 


1 .  Autosnatic  Sequence  Prerequisites 

The  major  operational  events  required  to  complete  the  launch 
control  relay  network  for  entering  the  final  "automatic  sequence" 
portion  of  the  launch  countdown  (at  T-31  seconds)  are  listed  in 
Table  CA-2.  These  prerequisites  begin  on  F-1  Day  and  end  with 
automatic  sequence  start  enable  at  T-AO  seconds. 

Table  C4-2  Automatic  Sequence  Prerequisites 


Event 

Time  (Nominal ) 

A. 

TCC 

Prestart  Ladder  Preparation 

1. 

Launch/Test  Switch  to  Launch 

T-900  Min 

(F-1  Day) 

All  Engines  Null 

T-120  Min 

Holdown  and  Release  Ready 

T-lOO  Min 

Eject  Ready 

T-90  Min  S. 

Holding 

CCLS  Ready 

T-6  Min 

2nd  Stage  Engines  Ready 

T-5  Min 

Boom  System  Ready 

T-4  Min 

Ist  Stage  Power  Ready 

T-4  Min 

Water  System  Ready 

T-4  Min 

2nd  Stage  Pressure  Ready 

T-3  Min 

1st  Stage  Tanking  Ready 

T-2  Min  35 

Sec 

2nd  Stage  Power  Ready 

T-2  Min 

1st  Stage  Range  Safety  Ready 

T-2  Mil. 

2nd  Stage  Range  Safety  Ready 

T-2  Min 

Range  Ready 

T-1  Min  30 

Sec 

2nd  Stage  Tanking  Ready 

T-75  Sec 

1st  Stage  Pressure  Ready 

T-70  Sec 

Hydraulics  Ready 

T-55  Sec 

2. 

Prestart  Ladder  Complete 

T-40  Sec 

B. 

Atlas  EnKines  Preparation 

1. 

Atlas  Eng  Gas  Gen  Fuel  &  LO2  Purge  On 

T-5  Min 

2. 

Engine  Control  Arm  Switch  to  Arm 

T-2  Min  35 

Sec 

3. 

Atlas  Engines  Prep  Complete 

T-2  Min  35 

Sec 

C. 

Vehicle  Preparation  Complete 

Contingent  Upon: 

Atlas  Engines  Prep  Complete 

TCC  Prestart  Ladder  Complete 

2. 


Automatic  Sequence  Events 


The  automatic  sequv^nce  events  that  can  cause  a  launch  abort/recycle 
from  T-30  sec  to  T-0.60  sec  are  listed  in  Table  C4-3 

Table  C4-3  Automatic  Sequence  Events 


Event 


Time  (Nominal) 


DCU  Tount  Started 

Arm-Safe  SW-l  Armed  Monitor 

Arm-Safe  SW-2  Armed  Monitor 

LH2  Vent  Valve  Closed 

A/B  Instillation  Panel  Purge  OK 

Flight  Mode  Accept 

LO2  Start  Tank  Pressurized 

Fuel  Start  Tank  Pressurized 

Insulation  Panel  Vent  and  Equipment 

Cent  Upper  Umbilicals  and  Aft  Plate 

Cent  Upper  Umbilicals  and  Aft  Plate 

T-0  Umbilicals  Mated 

Flight  Mode  Accept  Removed 

Gas  Generators  Ignition 

Atlas  Main  Stage 

Ma‘n  Engines  Complete 

Release  Signal 


T-29.9  Sec 
T-29.8  Sec 
T-29.8  Sec 
T-29  Sec 
T-10.5  Sec 
T-9.2  Sec 
T-9.1  Sec 
T-8.9  Sec 

Module  Doors  Open  T-8.0  Sec 

Eject  Command  T-4.4  Sec 

Ejection  Complete  T-3.8  Sec 
T-3.8  Sec 
T-3.10  Sec 
T-3.08  Sec 
T-2.10  Sec 
T-0. 77  Sec 
T-0.60  Sec 


3.  Atlas/Centaur  INTELSAT  Flight  Mark  Events 

The  major  flight  events  (called  Mark  Events)  to  be  reported  in  real  time 
during  the  launch  by  ETR  and/or  KSC  personnel  on  TOPS  Channel  2  are 
presented  in  Table  CA-A.  Figure  CA-26  presents  a  Flight  Events  Profile. 
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Table  C4- 

4  ac-63/ INTELSAT  VA 

(F-10)  Mark 

1 

1 

Events 

i 

Mark 

Event 

Time  from  Liftoff 

Altitude 

Range  Velocity 

No. 

Description 

(Sec ) 

(Min:Sec ) 

(n.mi. ) 

(n.mi. )  (ft/sec)* 

I 

1 

0 

Lif  toff 

0 

0:00.0 

0 

0  0 

1 

BECO 

153.6 

2:33.6 

31.5 

46.8  7,976 

2 

Booster  Jettison 

156.7 

2:36.7 

33.0 

50.7  8,222 

i 

3 

Panels  Jettison 

178.6 

2:58.6 

43.0 

79.1  8,596 

! 

4 

Nose  Fair  Jett. 

226.9 

3:46.9 

61.5 

150.2  10,056 

i 

5 

SECO 

284.2 

4:44.2 

78.7 

253.0  12.563 

6 

A/C  Separation 

286.2 

4:46.2 

79.2 

257.1  12,579 

7 

MESl 

296.8 

4:56.8 

81.8 

278.1  12,542 

i 

1 

8 

MECOl 

615.2 

10:15.2 

83.1 

1185.4  24,207 

i 

9 

MES2 

1379.8 

22:59.8 

162.4 

4241.9  24,657 

1 

10 

MEC02 

1469.9 

24:29.9 

187.1 

4632.3  31,703 

11 

Start  Cent.  Spin 

1588.9 

26:28.9 

255.2 

5212.2  31,345 

12 

S/C  Separation 

1604.9 

26:44.9 

266.7 

5282.5  31,282 

1 

1 

1 

13 

End  Cent.  Spin 

1614.9 

26:54.9 

275.0 

5329.3  31,259 

1 

14 

Start  Centaur 

1619.9 

26:59.9 

279.2 

5352.7  31,215 

1 

Retro  Turn 

*Velocitv  is  relative  to  a  rotating  earth. _ 

Data  Source:  GDC  Report  No.  GDC-SP-85-002,  "Firing  Tables  for  the 

INTELSAT  VA  Mission,  Atlas/Centaur  ac-63,"  dated  January 
1985. 


NOTE:  The  final  velocity  of  34,783  kilometers  (21,613  miles)  per  hour 
places  the  spacecraft  in  a  transfer  orbit  with  an  apogee  of  35,818 
kilometers  (22,256  miles)  and  a  perigee  of  311  kilometers  (193  miles). 
INTELSAT  then  assumes  control  of  the  spacecraft.  At  an  apogee  chosen  by 
INTELSAT  controllers,  the  onboard  apogee  kick-motor  will  be  fired  to 
circularize  the  orbit  at  geosynchronous  altitude,  35,789  kilometers  (22,238 
miles)  above  the  equator.  It  will  then  be  "drifted"  to  its  assigned  place 
in  the  INTELSAT  global  network.  The  spacecraft  will  have  a  final  velocity 
of  about  11,071  kilometers  (6,879  miles)  per  hour.  It  will  complete  one 
orbit  every  24  hours  and  so  remain  above  the  same  spot  of  the  equator. 
Figure  G4-27  presents  a  Mission  Trajectory  Profile. 
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Ci» .  3 . 2  Monstandard  Sequencing 


Nonstandard  sequencing  ls  provided  by  the  DCU  sequencer  software  if  an 
abort  situation  presents  itself,  if  the  Centaur  engines  do  not  ignite,  or 
if  premature  MECO  occurs. 

1 .  Abort  Sequence 

If  a  pre-liftoff  test,  fails  prior  to  GO-INERTIAL  Plus  5.00  seconds  (T-A.OO 
sec),  the  first  program  will  immediately  enter  the  abort  sequence..  If 
liftoff  is  not  detected  by  GO-INERTIAL  plus  59.98  seconds  (T+49.98  sec), 
the  flight  program  will  initiate  the  abort  sequence. 

2.  Restart  Sequence 

Six  seconds  after  a  MES  command,  acceleration  level  is  checked  to  see  if 
the  engines  started.  If  acceleration  is  balow  6  ft/sec^,  it  is  assumed 
that  the  engines  did  not  start.  The  sequencer  then  goes  through  a  restart 
sequence  resulting  in  a  second  MES  ootnmand  10  seconds  later  for  MESIl  and 
80  seconds  later  for  MES2. 

Only  one  restart  attempt  is  made  per  MES  event.  If  the  restart  is 
unsuccessfu*  .  the  failure  is  treated  as  a  premature  MECO.  The  spacecraft 
is  not  released  if  MESl  restart  is  not  successful.  Failure  of  the  MES2 
restart  attempt  will  result  in  a  sequence  advance  to  MEC02,  which  will  be 
followed  by  normal  sequencing,  including  spacecraft  separation. 

3.  Premature  MECO 


Seven  seconds  after  an  MES  command,  assuming  a  successful  MES,  the 
sequencer  began  looking  for  a  premature  thrust  decay  (a*!  6ft/sec^). 

If  this  occurs,  the  sequencer  will  issue  all  remaining  discretes  in  the 
phase  at  60-millisecond  intervals  and  continue  normal  sequencing  from 
there. 


4.  Tumble  Recovery 

Tumble  recovery  is  enabled  during  parking  orbit  coast,  transfer  orbit 
coast,  and  MESl  restart  sequences.  During  these  times,  the  sequencer 
tests  attitude  error  against  a  preset  limit  (20  degrees  in  all  phases 
except  transfer  orbit  and  post-tumble  recovery  maneuver,  which  test 
against  a  30-degree  limit).  When  this  limit  has  been  exceeded  for  three 
consecutive  20-millisecond  intervals,  the  vehicle  is  considered  to  be 
tumbling.  Null  steering  vectors  are  then  issued  until  acceptable  vehicle 
rates  are  attained.  Once  the  vehicle  has  recovered  (rate  1  deg/sec), 
normal  vehicle  control  returns  the  vehicle  to  the  desired  attitude. 

5.  Insulation  Panel  Jettison  Backup  Sequence 

If  the  insulation  panels  have  not  been  jettisoned  prior  to  SECO  -11 
seconds,  the  sequencer  will  unconditionally  set  Switch  33  to  jettison  the 
panels  at  this  time.  Two  seconds  later  Switch  33  will  be  reset.  This 
sequence  ensures  that  the  panels  will  be  jettisoned  prior  to  SECO. 
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'igure  C4-3  Atlas  G  Pod  Configuration 
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Figure  C4-5  Centaur  D-IAR  Configuration 
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Figure  C4  6  Atl<is  B1  and  B2  Engine  Schematic 
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Figure  C4-8  Atlas  Bl,  B2,  and  Sustainer  Engine  Propellant  Flow  Schematic 
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Figure  C4-10  Atlas  Hydraulic  System  Schematic 
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Figure  C4-12 


Atlas  Prc'pellant  Utilization  System 
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Figure  C4-13 


Atlas  Propellant  Utilization  System  Schematic 
(Simplified) 
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Figure  W-17  Centaur  Hydrazine  RCS 
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Figure  C4-i8  Centaur  Hydraulics  System  Schematic 


LOf  rRCSsuu  lEiuRN  line 

fnECA  VAIVC 


Fis^re  C4-20  Centaur  Computer-Control  Venting  and 
Pressurization  Schematic 
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Figure  C4-2:  Centaur  Propellant  Utilization  System 
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Figure  C4-22  Centaur  PU  System  Block  Diagram 
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Figure  C4-23  Centaur  Range  Safety  System  Block  Diagram 
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FAIlOiO 

DESmuCf 
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MISSION  SUMMARY 


MISSION  PAflAMETERS  INTELSAT  VA  IF  10) 

MISSION  designation 


MISSION  OBJECTIVE 


MISSION  FINAL  ORBIT 
FINAL  STATIONARY  POSITION 


PLACEMENT  OF  COMMERCIAL  COMMUNICA 
TION  SATELLITES  INTO  GEOSTATIONARY 
ORBIT. 

STATIONARY  IN  EARTH  EQUATORIAL 
PLANE. 

TO  BE  SELECTED  BY  INTELSAT  (DESIRED 
POSITIONING  ACHIEVED  BY  COMBINED  USE 
Or  MULTIPLE  REVOLUTIONS  IN  LAUNCH 
TRANSFER  ORBIT  PLUS  POST  APOGEE  BURN 
DRIFT  ORBIT). 


LAUNCH  PHASE  PARAMETERS 
UUNCH  COMPLEX 
LAUNCH  MODE 
LAUNCH  AZIMUTH 

CENTAUR  PARKING  ORBIT 
PERIGEE/APOGEE  ALTITUDE 
ORBIT  INCLINATION 
COAST  TIME  IN  ORBIT 

CENTAUR  SECOND  BURN 
LOCATION  OF  BURN 
BURNOUT  ALTITUDE  (MEC02) 


ESMC  COMPLEX  3SB 

PARKING  ORBIT  ASCENT  (TWO  BURN) 

103.0  DEGREES 


80/657  NAUTICAL  miles 
28.5  DEGREES 
12.7  MINUTES 


FIRST  EQUATORIAL  CROSSING 
187  NAUTICAL  MILES 


SPACECRAFT  TRANSFER  ORBIT 
AT  SPACECRAFT  SEPARATION 
PERIGEE  altitude  168  NAUTICAL  MILES 

ORBIT  INCLINATION  23  36  DEGREES 

ARGUMENT  OF  PERIGEE  178.40  DEGREES 


AT  FIRST  APOGEE 

APOGEE  ALTITUDE  19,324  NAUTICAL  MILES 

ORBIT  PERIOD  633  MINUTES 


SPACECRAFT  APOGEE  BURN 

LOCATION  OF  BURN  AND  INTELSAT  WILL  COMMAND  S/C  APOGEE 

BURNOUT  LONGITUDE  BURN  VIA  RF  LINK  AT  ONE  OF  THE  TRANS¬ 

FER  ORBIT  APOGEE  OCCURRENCES  (YET 
TO  BE  SELECTED). 


spacecraft  FINAL  ORBIT 
PERIGEE/APOGEE  ALTITUDE 
ORBIT  INCLINATION 
ORBIT  PERIOD 


19,324/19,324  NAUTICAL  MILES 
0  DEGREES 
23.935  HOURS 


•  NOMINAL  PARAMETERS  FOR  EARTH  STATIONARY  ORBIT.  ACTUAL  INTELSAT 
V/VA  SPACECRAFT  FINAL  ORBITS  MAY  HAVE  SLIGHT  VARIATION  IN  ALTITUDE 
ANO/OR  INCLINATION  ANGLES. 


Figure  C4-25  Mission  Summary 
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Figure  C4-26  Atlas/Centaur-62/63  INTELSAT-V  Flight 
Events  Profile  (Sheet  1  of  4) 
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Flight  Events  Profile  (Sheet  3  of  4] 
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Figure  CA-27  INTELSAT  VA  Mission  Trajectory  Profile 
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C5.0  INTRODUCTION 

The  following  data  were  extracted  from  the  Annotated  Bibliography 
Document,  Ref  2A1. 

C5 . I  GENERAL  DESCRIPTION 

The  Delta  Launch  Vehicle  was  developed  for  the  National  Aeronautics  and 
Space  Administration  (NASA)  by  the  McDonnell  Douglas  Astronautics  Company 
(MDAC)  and  has  been  actively  utilised  since  1960  for  launching  spacecraft 
into  Earth,  lunar,  and  solar  orbits.  Operations  are  conducted  from  the 
Eastern  Space  and  Missile  Center  (ESMC)  and  the  Western  Space  and  Missile 
Center  (WSMC).  The  Delta  Program  is  managed  for  NASA  by  the  Delta  Project 
Office  located  at  the  NASA  Goddard  Space  Flight  Center  (GSFC).  The  Delta 
Project  Office  has  overall  responsibility  for  design,  procurement,  and 
launch  of  the  Delta  Launch  Vehicle.  The  NASA  Kennedy  Space  Center  (KSC) 
is  responsible  for  launchsite  operations.  MDAC  is  the  prime  contractor 
for  launch  vehicle  design,  manufacturing,  and  checkout  at  their  plant  in 
Huntington  Beach,  California,  and  for  launch  services  at  the  launchsites. 

By  continuing  modification  or  replacement  of  the  respective  stages,  the 
Delta  vehicle  performance  capability  has  been  periodically  upgraded.  The 
growth  history  is  depicted  in  Figure  C5-1  for  the  evolution  of  ehicle 
configurations  through  the  3920/PAM  configuration  for  geosynchronous 
transfer  orbit  useful  load  (which  includes  the  payload  attach  fitting). 

The  Delta  Launch  Vehicle  DSV-3P-11E/F  is  a  vertically  launched  space 
vehicle.  The  first  stage  consists  of  a  liquid  propellant  booster  with 
nine  Thiokol  Corporation  Castor  IV  solid  propellant  rocket  motors  attached 
for  thrust  augmentation.  The  second  stage  consists  of  a  liquid  propellant 
propulsion  system.  The  third  stage  consists  of  a  Thiokol  Corporation 
TE.M-M-36A-3 ,  -A,  or  -16  solid  propellant  rocket  motor.  Figure  C5-2 
depicts  this  configuration,  showing  a  PAM  third-stage  and  attach  fitting 
and  the  Aerojet  AJ10-118K  second-stage  engine. 

C5.2  DESCRIPTION  OF  SAFETY  CRITICAL  SUBSYSTEMS,  HAZARDOUS  MATERIALS, 
SCHEMATICS 


C5.2.1  Liquid  Propellant  Systems  (First  Stage) 

The  first-stage  propulsion  system  consists  of  u.  liquid  bipropellant  (LOX 
and  kerosene  fuel)  main  engine,  two  liquid  bipropellant  (LOX  and  kerosene 
fuel)  vernier  engines,  nine  solid  propellant  thrust  augmentation  motors, 
associated  tanks,  interconnecting  lines,  and  controls.  The  main  engine 
provides  prime  vehicle  thrust  and  control  during  the  first-stage  powered 
flight  with  thrust  of  about  205,000  pounds  at  liftoff.  Six  of  the  nine 
solid  propellant  thrust  augmentation  motors  are  ignited  at  liftoff,  and 
the  other  three  are  ignited  after  the  six  ground-start  motors  have  burned 
out.  Total  thrust  is  approximately  625,000  pounds  with  six 
snlid-piopellant  motors  firing  at  liftoff  and  693,500  pounds  with  three 
solid-propellant  motors  firing. 
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Th«  aain  •n|int  conslctn  of  cht  following  •ubsyitema  and  major 
asaambliaa:  turbopump  lubrication  subayatem;  pneumatic  control  subayatem; 
gas  generator  and  exhauat  aubayatem;  electrical  subayatem;  main  propellant 
subayatem;  and  combustion  chamber. 

a.  The  two  vernier  engines,  each  contributing  1200  pounds  of  thruat 
during  pump~fed  operation  and  923  pounds  during  tank-fed  operation, 
provide  roll  control  during  first-stage  powered  flight. 

b.  The  fuel  tank  subsystem  is  comprised  of  a  fuel  tank,  valves, 
fittings,  and  connections  that  control  the  filling  and  pressuriaation  of 
the  main  fuel  tans  (see  Fig.  C5-3). 

c.  The  liquid  oxygen  subsystem  is  composed  of  a  liquid  oxygen  tank, 
valves,  fittings,  and  connections  that  control  the  filling  and  the 
pressurization  of  the  main  liquid  oxygen  tank. 

d.  The  electrical  subsystem  is  an  electrical  control  and  utility 
system  that  provides  the  necessary  circuitry  and  electrical  units  to 
control  main  engine  components  and  operate  heating  elements.  The  heaters 
protect  critical  components  in  or  near  the  liquid  oxygen  from  freezing. 
Heaters  are  provided  on  thi  main  liquid  oxygen  valve,  pneumatic  regulator, 
turbopump  gearcase,  and  fuel  additive  blender  unit  (FABU). 

e.  The  main  engine  and  vernier  engine  ignition  subsystem  consists  of  a 
container  holding  pyrophoric  chemicals  that  ignite  spontaneously  when 
combined  with  oxygen.  These  hypergolic  igniters  are  installed  in  the  fuel 
flow  lines  to  the  combustion  chambers  and  are  isolated  by  burst  diaphragms. 

C3.2.2  Liquid  Propellant  Systems  (Second  Stage) 

The  second-stage  propulsion  system  for  the  39iX  or  392X  vehicles  consists 
of  a  gimbal-mounted  thrust  chamber  assembly,  propellant  systems,  gaseous 
helium  propellant  pressurization  system  and  retro  thrust  system  (if 
required),  interconnecting  plumbing,  gimbal  actuation  system, 
gaseous-nitrogen-powered  flight  roll  control  and  coast  flight  attitude 
control  system  and  restart  propellant  settling  system,  forward  tank  skirt, 
and  necessary  airframe  structures.  (See  Figure  C5-4). 

The  thrust  chamber  assembly  used  on  the  391X  Vehicle  is  the  TRW  TR-201 
Engine.  The  engine  used  on  the  392X  Vehicle  is  the  Aerojet  Improved 
Transtage  Injector  Program  (ITIP)  Engine.  Both  thrust  chamber  assemblies 
are  ablatively  cooled.  A  summary  of  the  significant  propulsion  system 
parameters  is  shown  below. 
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Table  C5-I  Propulsion  System  Parameters 


Paraim'lur 

391X 

3‘>:X 

Propellant  Tank 

Pressure  (Nominal),  psig 

255 

231 

Propellant  Weight,  lb 

10,000 

13,200 

Delivered  Specific  Impulse  (sec) 

301.4 

319.2 

Thrust,  lbs 

9,425 

9,443 

Mixture  Ratio 

1.6 

1.9 

Area  Ratio,  AE/AT 

46:1 

65:1 

Chamb(*r  Pressure,  psia 

105 

125 

the  propellant  system  consists  of  an  oxidizer  tank  and  a  fuel  tank 
separated  by  a  common  bulkhead  that  has  the  dome  on  the  oxidizer  side  of 
the  tank.  The  propellents  of  this  system  are  nitrogen  tetroxide 
(N2O4)  as  the  oxidizer  and  Aerozine-50  (A-SO)  as  the  fuel.  The 
propellants  are  loaded  into  their  respective  tanks  through  a  fill  port 
that  consists  of  a  fill  valve  and  interconnecting  plumbing  to  the  tanks. 
The  propellant  is  pressure-fed  to  the  engine  through  flexible  hose 
assemblies  containing  turbine-type  flowmeters  and  using  helium  gas  as 
described  in  the  helium  system  section.  The  remainder  of  the  system 
consists  of  a  fuel  vent  valve  (F\'V)  and  an  oxidizer  vent  valve  (OW)  and 
two  drain  disconnect  ports. 

The  propellant  system  schematic  and  some  of  the  major  component  schematics 
of  this  system  are  shown  in  I'i^ure  C5-A. 

The  helium  system  consists  of  a  helium  fill  quick  disconnect  (QD)  assembly 
and  check  valve,  which  is  used  to  fill  the  gaseous  helium  spherical 
bottles,  and  a  pressure  regulator,  which  provides  a  common  pressurization 
supply  to  both  propellant  tanks,  and  one  each  oxidizer  and  fuel  tank 
pressurization  shutoff  valve.  This  system  also  includes  a  helium  vent 
valve  (HVV),  which  is  used  to  vent  the  helium  pressurization  system 
through  the  vent  QD  at  the  umbilical  upon  receiving  a  ground  command;  a 
squib-fired  retro  valve,  used  for  retro  function  on  vehicles  where  it  is 
required  after  the  third  stage  separation;  and  the  oxidizer  and  fuel  tank 
ground  service  system,  used  during  propellant  loading  to  provide  monitor 
capability  for  propellant  overflow.  All  the  plumbing  on  the  helium  system 
is  interconnected  witn  brazed  joints  except  for  a  few  connections  that 
require  disconnection  10  support  checkout. 

The  pressurization  sys^elT^  uses  gaseous  helium  stored  at  A350  +  50  psig. 

The  helium  system  schei.ctic  and  some  of  the  major  component  schematics  cf 
this  system  are  shoa-n  in  I'igure  CS-A.  The  nitrogen  system  schematic  and 
some  of  the  major  component  schematics  of  this  system  are  shown  in  Figure 
C5-5. 

The  nitrogen  system  consists  of  a  gaseous  nitrogen  fill  QD,  fill  check 
valve,  and  one  1.27  ft^  spherical  bottle  that  stores  gaseous  nitrogen  at 
a  pressure  of  4150  psig  for  391X  vehicles  and  4365  psig  for  392X 
vehicles.  The  Attitude  Control  System  (ACS)  consists  of  a  regulator  to 
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provide  255  ±  20  psig  nitrogen  gas  pressjire,  a  relief  valve  set  at  380  to 

^00  psig,  two  control  modules  (each  of  which  contains  six 

solenoid-actuated  controls  and  nozzles)  and  a  propellant-settling  system 
that  contains  two  integrally  mounted  valves  and  two  settling  nozzles. 

The  ACS  provides  thrust  to  control  the  stage  in  roll  during  engine 

operation  and  in  pitch,  yaw,  and  roll  planes  during  coast  periods.  In 

addition,  the  ACS  provides  positive  thrust  for  settling  the  propellants  in 
their  respective  tanks  and  for  removing  entrapped  gas  from  the  propellants 
prior  to  each  engine  start.  The  ACS  is  controlled  by  the  Delta  Inertial 
Guidance  System  (DIGS).  The  control  valves  within  the  ACS  are  redundant 
to  the  extent  that  if  a  malfunction  is  detected  in  the  primary  control 
bank  of  valves,  the  pneumatic  and  electronics  will  be  switched  to  the 
backup  bank  of  solenoid  valves.  The  pneumatic  switchover  is  caused  by  the 
firing  of  an  explosive  squib  on  the  control  module,  which  moves  the  spool 
to  route  the  pneumatics  from  the  primary  bank  of  solenoid  valves  to  the 
backup  bank  of  solenoids.  The  attitude  control  modules  are  located  on  the 
Quad  I  and  Quad  III  positions  of  the  second-stage  propulsion  unit  (SSPU). 

C5 . 2 . 3  Solid-Propellant  Systems  (First  Stage) 

The  first  stage  solid-propellant  propulsion  sy.<:tem  consists  of  nine 
Thiokol  Castor  IV  solid  motors  used  to  augment  the  thrust  of  the  main 
booster  engine.  Each  motor  consists  of  the  basic  solid  rocket  motor,  a 
pyrogen  igniter  assembly,  and  two  thru-bulkhead  initiators  (TBIs).  Six  of 
the  nine  Castor  IV  motors  (TX526-2)  are  ignited  on  the  ground;  the 
remaining  three  (TX526-3)  are  ignited  in  the  air.  The  TX526-2  motors  have 
an  ll-degree  canted  nozzle;  the  TX426-3  motors  have  a  7-degree  canted 
nozzle.  The  ignition  system  consists  of  redundant  electric  detonators  and 
explosive  transfer  assemblies. 

NAME: 

PART  NUMBER: 


MILITARY  HAZARD  CLASSIFICATION: 
MILITARY  STORAGE  COMPATIBILITY: 

DOT  CLASSIFICATION: 

EXPLOSIVE  COMPOSITION  AND  WEIGHTS: 
EXPLOSIVE 

A.  Ammonium  Perchlorate 

3.  HA  Polymer  and  Binder 

C.  Aluminum 

Total  Propellant  Wt, 
QUANTITY  PER  VEHICLE: 

MANUFACTUR.ER : 


SOLID  PR0PELLA.NT  MOTOR 
Thiokol  Corporation  Castor  IV 
(TX526-2  and  TX526-3) 

1.3 

C 

B 

WEIGHT  X 
70 
16 
14 

20,500  lb  per  motor 
9 

Thiokol  Corporation,  Huntsville  Div. 
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The  solid-propellant  motor  (Model  No.  TX526-2  or  -3)  has  a  53.9-second 
''orainal  web  burning  time;  84,900  pounds  average  thrust;  a  total  impulse  of 
4,  22,900  pounds-seconds ;  and  a  propellant  specific  impulse  of  229.0 
pouno  '.conds/ pound  at  80'F  and  sea-level  conditions.  The  motor  case  is 
fabricated  of  4130  steel.  The  nozzle  is  a  convergent-divergent  type  with 
either  ati  ll-dogree  nr  .i  /-degree  cant  angle  .ind  is  fabricated  from  steel 
and  cuinposite  plasti('  m;iLerials.  Noinin.il  motor  a.ssemt)ly  dimensions  (nose 
cone  included)  are  439.4  inches  overall  length  and  40  inches  case 
diameter.  The  motor  is  attached  to  the  booster  by  means  of  two  ball  and 
socicet  and  spring  thruster  arrangements.  A  sketch  of  the  motor  attachment 
features  is  shown  in  Figure  C5--6.  The  TX526-2  and  3  motors  use  an 
ammonium  perchlorate-hydrocarbon  propellant  cast  in  the  motor  case.  The 
internal  surface  of  the  motor  case  is  lined  with  a  polyisoprene  insulating 
material  to  protect  the  case  from  overheating  during  propellant  burning. 

C5.2.4  Pyrogen  Igniter  Assembly 

The  pyrogen  unit  is  a  small  rocket  motor  located  at  the  forward  end  of 
each  of  the  TX526-2  and  -3  solid  propellant  motors  and  serves  to  ignite 
the  motor.  It  is  installed  in  the  motor  by  the  motor  manufacturer. 

The  pyrogen  unit,  when  initiated  by  either  of  the  two  TBIs,  projects 
high-temperature  flame  along  the  surface  of  the  solid  motor  propellant  and 
ignites  the  solid  motor  propellant  grain. 


NAME: 

PART  NUMBER: 

MILITARY  HAZARD  CLASSIFICATION: 
MILITARY  STORAGE  CLASSIFICATION: 
DOT  CLASSIFICATION: 

DOT  SHIPPING  NOMENCLATURE: 
EXPLOSIVE  COMPOSITION  AND  WEIGHTS; 
EXPLOSIVE 

A.  PBAA  Propellant 

B,  BKNO3  Pellets 
QUANTITY  PER  VEHICLE: 

MANUFACTURER : 


PYROGEN  IGNITER  ASSEMBLY 

R54334 

1.3 

C 

B 

Jet  Thrust  Unit,  Class  B  Explosive 

WEIGHTS 
2700  grams 
35  grams 
9 

Thiokol  Corporation 


C5.2.3  Solid-Propellant  Systems  (Second  Stage) 


The  second-stage  solid-propellant  systems  consist  of  as  many  as  eight 
solid-propellant  spin  rockets.  These  spin  rockets  rotate  the  third  stage 
prior  to  separation  to  a  predetermined  rotational  velocity  to  stabilize 
the  third  stage  for  orbital  entry. 

C5.2.6  Solid-Propellant  Systems  (Third  Stage) 


The  third-stage  solid-propellant  propulsion  system  consists  of  a 
TE-M-364-3,  -4,  or  -14  solid-propellant  motor  and  an  E25393  motor 
igniter.  The  third-stage  motor  provides  the  thrust  to  position  the 
spacecraft  into  the  proper  transfer  orbit. 
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NAME; 

PART  NUMBER: 

MILITARY  HAZARD  CLASSIFICATION: 
MILITARY  STORAGE  COMPATIBILITY: 

DOT  CLASSIFICATION: 

EXPLOSIVE  COMPOSITION  AND  WEIGHTS: 
EXPLOSIVE 

PBAA  Composite  Propellant 
(TP-H-3062) 

QUANTITY  PER  VEHICLE: 

MANUFACTURER : 


THIRD  STAGE  SOLID  PROPELLANT  MOTOR 
(TE-M-364-3,  TE-M-364-U) 

Thiokol  Corp. 

E185L8-20(-3),  E31S86-01(-14) 

1.3 

C 

B 

WRIGHT 

1440  lb  (-3),  1230  lb  (-14) 

1 

Thiokol  Chemical  Corp,  ' Ikton,  MD 


The  TE-M-364-3,  as  shown  in  Figure  C5-7,  is  a  solid-propellant  rocket 
motor  with  43.6  seconds  nominal  burn  time  and  9480  pounds  average  thrust, 
provides  a  total  impulse  of  approximately  418,000  pound-seconds  and  a 
propellant  specific  impulse  of  approximately  290.4  pound-seconds /pound 
(vacuum  conditions).  The  motor  uses  a  composite-base  propellant  grain. 

It  is  mounted  in  the  spin  table  at  the  forward  end  of  the  second  stage  and 
is  held  in  place  by  a  V-clamp.  The  motor  has  18-inch-  and 
37-inch-diameter  forward  support  rings  to  interface  with  spacecraft 
attachment  fittings. 


The  TE-M-364-14  motor  is  identical  to  the  TE-M-364-3  motor  with  the 
exception  of  the  propellant  load.  The  motor  has  a  39-second  burn  time,  a 
9160-pound  average  thrust,  a  209,4-second  propellant  specific  impulse,  and 
a  357,200-poand-second  total  impulse. 

C5,2,7  Third-Stage  Solid  Propellant  Motor  Igniter 

The  third-stage  motor  igniter,  as  shown  in  Figure  C5-8,  is  located  in  the 
forward  dome  of  each  of  the  TE-M-364-3,  -4,  and  -14  solid  propellant 
motors.  Dual  initiators  provide  redundancy  for  ignition.  The  flame  from 
the  igniter  is  dispersed  along  the  surface  of  the  propellant  of  the 
TE-M-364  motor  for  rapid  and  uniform  ignition  of  the  motor  propellant. 


NAME: 

PART  NUMBER: 

MILITARY  HAZARD  CLASSIFICATION: 
MILITARY  STORAGE  COMPATIBILITY; 

DOT  CLASSIFICATION: 

EXPLOSIVE  COMPOSITION  AND  WEIGHTS: 
EXPLOSIVE 

A.  PHAA  Composite  (TP-H-3062) 

B.  Boron-Potassium  Nitrate 
QUANTITY  PER  VEHICLE: 

MANUFACTURER: 


THIRD  STAGE  SOLID  PROPELLANT  MOTOR 

IGNITER  (TE-M-364-3,  -4,  AND  -14) 

Thiokol  Corporation  E25393 

1.3 

C 

B 

WEIGHT 
277  grams 
19.0  grams 
1 

Thiokol  Corp,  Flkton,  MD 
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C5.2.8  Electrical  Systems  (First  Stage) 


Guidance  and  control  for  the  booster  is  provided  by  the  second-stage  Delta 
Inertial  Guidance  System  (DIGS),  which  maintains  vehicle  stability  and 
guides  the  vehicle  through  the  desired  trajectory.  The  DSV-3P-15A 
Guidance  Computer  and  DSV-3P-14  Delta  Redundant  Inertial  Measurement 
System  (DRIMS)  form  the  DIGS  for  the  first  stage.  The  DIGS,  with  an 
applicable  flight  program,  provides  inertial  sensing  and  issues  the 
necessary  steering  signals  to  the  DSV-3P-12  Electronic  Package  installed 
in  the  booster  center  section.  The  Electronics  Package,  in  turn,  controls 
the  and  vernier  engines  by  the  gimbal  actuation  system.  The  DIGS 

also  provides  discrete  commands  to  the  Booster  Ordnance  Sequence  (BOS)  Box 
and  the  Electronics  Package  for  booster  sequencing. 

The  BOS  Box  initiates  the  sequencing  for  the  solid  motor  ground  ignition 
and  flight  ignition,  solid  motor  separation,  MECO  enable,  VECO  and  I/II 
stage  separation.  For  the  DSV-3P-11E  and  DSV-3F-11F  vehicles,  six  Castor 
IV  solid-propellant  motors  are  ignited  at  liftoff.  The  three  remaining 
solid  motors  are  ignited  at  predetermined  time  after  liftoff.  Shortly 
after  flight  ignition,  the  six  expended  solid  motors  are  separated  in 
groups  of  three  by  means  of  pyro-delay  (Solid  Motor  Separation  1).  The 
remaining  three  solid  motors  are  separated  after  burnout  at  Solid  Motor 
Separation  2. 

The  instrumentation  system  and  range  safety  system  installed  in  the 
first-stage  center  section  consist  of  two  multicoders,  transmitter, 
command  destruct  receiver  (CDR),  associated  antennas,  and  telemetry 
battery.  The  instrumentation  system  converts  signals  from  transducers  and 
monitor  systems  aboard  the  first  stage  to  RF  signals  for  transmission  to 
ground  stations.  The  range  safety  system  provides  first-stage  engine 
cutoff  and  destruct  of  the  first  stage  in  event  of  mission  failure. 

C5.2.9  Electrical  Systems  (Second  Stage) 

The  guidance  compartment  of  the  second  stage  houses  the  major  components 
of  the  power  distribution  system,  sequencing  system,  instrumentation 
system,  range  safety  system,  and  the  DIGS. 

The  DSV-3F-15A  Guidance  Computer,  DSV-3P-1A  Delta  Redundant  Inertial 
Measurement  System,  and  DSV-3P-13  Electronics  Package  interface  together 
to  form  the  DIGS.  The  DIGS  serves  the  same  function  for  the  second  stage 
as  for  the  first  stage  to  achieve  the  required  mission  trajectory.  During 
powered  flight,  pitch  and  yaw  control  are  achieved  by  gimbal ing  the 
engine;  roll  control  is  provided  by  gas  jets  initiated  by  DIGS  commands. 
During  the  coast  phase,  the  vehicle  is  attitude-controlled  by  pitch,  yaw, 
and  roll  jets  actuated  by  DIGS  commands. 

The  Guidance  Computer,  Power  and  Sequence  Box,  Engine  Battery,  Control 
Battery,  and  Instrumentation  Battery  make  up  the  power  distribution  system 
and  sequencing  system.  The  power  distribution  system  provides  power  to 
all  electrical  components  in  the  guidance  compartment.  The  sequencing 
system  distributes  the  power  and  ordnance  power  at  predetermined  times  by 
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stored  discrete  commands  issued  by  the  guidance  computer.  The  discrete 
commands  drive  relays,  which  in  turn  switch  power  to  arm  ordnance  buses 
and  to  fire  ordnance  squibs. 

The  instrumentation  system  and  range  safety  system  installed  in  the 
second-stage  guidance  compartment  consist  of  two  command  destruct 
receivers,  transmitter,  instrumentation  telemetry  package,  associated 
antenna  systems,  and  telemetry  battery.  The  instrumentation  system 
provides  to  ground  stations  the  vehicle  status  data  gathered  from 
transducers  and  monitor  systems  aboard  the  second  stage.  The  range  safety 
system  aboard  the  second  stage  provides  the  first-  and  second-stage  engine 
cutoff  and  destruct  of  first,  second,  and  third  stages  in  case  of  mission 
failure.  The  range  safety  system  consists  of  two  command  destruct 
receivers,  range  safety  box  and  safety  box  and  safe-arm  devices. 

C5 . 2. 10  Electrical  Systems  (Third  Stage) 

All  third-stage  ordnance  sequencings  are  implemented  by  the  second-stage 
guidance  computer.  The  ordnance  systems  receive  power  from  the 
second-stage  engine  battery  via  third-stage  ordnance  buses. 

C5.2.11  Propellant  Pressurization  Systems  (First  Stage) 

The  first-stage  propellant  pressurization  system  pressurizes  the  start  and 
main  propellant  tanks  to  permit  flow  into  the  combustion  chamber  before 
startup  of  the  turbopump.  After  MECO  the  pressure  in  the  start  tanks 
supply  the  vernrer  engines  for  an  additional  nine  seconds  to  depletion. 

The  propellant  pressurization  system  consists  of  gaseous  nitrogen  (GN2) 
tanks,  valves,  regulators,  and  pneumatic  lines  and  is  shown  schematically 
in  Figure  C5-9.  The  component  data  in  Table  C5-2. 


Table  C5-2  Propellant  Pressurization  System  Component  Data 


I 


Calculated 
Min  imiim 

Tank 

[tem 

Material 

Pressurant 

Operating 

Proot 

Burs  t 

Capac ity 

GN2  Tanks (^) 

4130  Stl 

GN2 

3000 

4000 

4800 

2u00  in.  3 

FABU  Tank 

6061  T  6510 
Al.  Alloy 

Fuel 

650 

1200 

N/A 

156  in.  3 

LOX  Start 
Tank 

7075-T6 

Al.  Alloy 

GN2 

650 

1125 

2090 

1517  in.  3 

Fuel  Start 
Tank 

Al.  Alloy 

GN2 

650 

1125 

1500 

130b  in.  3 

Fuel  lank 

2014-T6 

GN2 

30 

43.65 

57.8 

1130  ft3 

LOX  Tank 

2014-T6 

Al.  Alloy 

GN2 

36 

62.55 

72.6 

1753  ft3 

Pneumatic 

Regulator 

2014-F 

Al.  Alloy 

GN2 

650 

4500 

N/A 

Pneumatic 

Lines 

CRES 

GN2 

3000 

_ 1 

4500 

12,000 
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Propellant  Pressurization  Systems  (Second  Stage) 


The  second  -  stage  propellant  pressurization  system  uses  gaseous  helium 
(GHe)  stored  at  4400  psig  for  391X  vehicles  and  4413  psig  for  392X 
vehicles.  The  helium  system  consists  of  a  helium  fill  quick-disconnect 
•  isseinbly  and  check  valve  used  to  fill  the  gaseous  helitim  spherical 
bottles,  a  pressure  regulator  that  provides  a  common  pressurization  supply 
to  both  propellant  tanks,  and  both  an  oxidizer  and  fuel  tank 
pressurization  shutoff  valve.  This  system  also  includes  a  helium  vent 
valve  (HVV)  used  to  vent  the  helium  pressurization  system  through  the  vent 
QD  at  the  umbilical  on  receipt  of  a  ground  command;  a  squib-actuated 
retrovalve  is  used  for  retro  function  after  the  third  stage  separation. 

The  oxidizer  and  fuel  tank  ground  service  system  is  used  during  propellant 
loading  to  provide  monitor  capability  for  propellant  overflow.  All  the 
plumbing  on  the  helium  system  is  interconnected  with  brazed  joints  except 
for  a  few  connections  that  require  disconnection  to  support  checkout.  The 
helium  scheniatic  and  some  of  the  major  component  schematics  of  this  system 
are  shown  in  Figure  C5-4  for  the  392X  vehicle. 

A  gaseous  nitrogen  (GN2)  system  provides  for  attitude  control  of  the 
second  stage  through  the  Redundant  Attitude  Control  System  (RACS).  The 
nitrogen  system  consists  of  a  gaseous  nitrogen  fill  QD,  fill  check  valve 
and  one  1.27--ft3  spherical  bottle  that  stores  gaseous  nitrogen  at  a 
pressure  of  4200  psig  for  391X  vehicles  and  4415  psig  for  392X  vehicles. 
The  Attitude  Control  System  (ACS)  consists  of  a  regulator  to  provide  255  + 
20  psig  nitrogen  gas  pressure,  a  relief  valve  set  at  380  to  400  psig,  two 
control  modules  (each  of  which  contains  six  solenoid-actuated  control 
valves  and  nozzles)  and  a  propellant  settling  system  containing  two 
integrally  mounted  valves  and  two  settling  nozzles.  A  schematic  of  the 
RACS  is  shown  in  Figure  C5-5.  The  component  data  are  presented  in  Table 
C5-3: 
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Table  C5-3  RAC'S  Component  Data 


HmHH 

Pressure  Level  - 

-  psig 

Item 

Material 

Fluid 

Pressurant 

OperatinK 

Proof 

Cal¬ 

culated 

Minimum 

Burst 

Tank 

Capacity 

Helium  Tanks 
(2) 

Titanium 

GHa 

4,415 

5,065  +  15 

5,910 

6,440  in. 3 

Helium  Tank 
(1) 

Titanium 

GHe 

4,415 

5,200 

5,904 

2,200  in. 3 

Nitrogen 

Tank  (1) 

Titanium 

GN2 

4,415 

5,200 

5,904 

2,200  in. 3 

Fuel  Tank 

410  CRES 

GHe 

230  +  8 

256  +  2 

289 

82.89  ft. 3 

Oxidizer 

Tank 

410  CRES 

GHe 

230  +  8 

256  +  2 

289 

98.02  ft. 3 

GHe 

Regulator** 

CRES 

GHe 

4,415 

259 

7,250; 

800 

o  o 
o  o 

O  00 

9—* 

— 

GN2 

Regulator** 

CRES 

GN2 

4,415 

300 

7.250; 

800 

11,000; 

4,800* 

— 
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Vehicle  Hydraulic  Systems  (First  Stage) 


The  firsc  stage  hydraulic  system  supplies  the  hydraulic  power  required  to 
position  the  first-stage  main  and  vernier  engine  thrust  chambers  during 
powtered  flight.  The  hydraulic  system  consists  of  a  pressure-compensated 
variable  displacement  hydraulic  pump;  accumulator/reservoir  assembly  (a 
module  (;ontaining  a  bootstrap  reservoir,  accumulator,  filter,  high 
pressure  relief  valve,  low  pressure  relief  valves,  check  valve,  and 
assbciated  instrumentation);  six  hydraulic  actuator  assemblies  (two  for 
each  engine);  hydraulic  fluid;  and  hydraulic  lines,  fittings,  and  control 
components  as  required.  Quick  disconnect  fittings  on  the  airframe  aft 
closure  structure  and  associated  hydraulic  lines  are  provided  for 
connecting  the  hydraulic  system  of  the  vehicle  to  ground  source  of 
hydraulic  power. 

Each  of  the  six  actuator  assemblies  consists  of  a  servo  valve,  an  actuator 
(cylinder  and  piston),  and  a  position  feedback  potentiometer.  The 
hydraulic  actuators  can  gimbal  the  main  and  vernier  engines  in  the  pitch 
and  yaw  planes  in  response  to  control  signals  to  the  servovalves  from  the 
dc  amplifiers  of  the  flight  control  system.  Actuator  position  feedback 
voltage  is  provided  to  the  flight  control  system  by  the  feedback 
potentiometers  mechanically  driven  by  the  actuators. 

C5.2.1A  Vehicle  Hydraulic  Systems  (Second  Stage) 

The  second-stage  hydraulic  system  provides  the  power  to  position  the 
engine  thrust  chamber  in  response  to  commands  from  the  flight  control 
system.  This  positioning  is  accomplished  by  two  linear-motion  hydraulic 
actuators.  The  hydraulic  system  for  the  391X  vehicle  also  contains  a 
hydraulic  actuator  used  to  position  the  propellant  flow  control  valves  in 
open  or  clo«^ed  positions.  This  actuator  is  delivered  to  MDAC-HB  as  part 
of  the  secv. .id-stage  engine,  manufactured  by  TRW.  All  other  components  are 
manufactured  or  subcontracted  by  MDAC-HB. 

The  two  gimbal  actuators  consist  of  a  cylinder,  piston,  servo-valve,  and 
potentiometer.  The  flow  control  valve  actuator  for  the  391X  vehicle 
consists  of  a  cylinder,  piston,  and  solenoid  valve.  The  other  hydraulic 
system  components  are  an  electric-motor-driven  hydraulic  pump,  a 
reservoir,  an  accumulator,  connecting  lines,  a  check  valve,  a  relief 
valve,  and  two  quick  disconnects. 

C5.2.15  Ordnance  Systems  (First  Stage) 

The  first-stage  ordnance  systems  perform  three  functions:  destruct,  solid 
motor  ignition  and  separation,  and  turbopump  startup.  The  destruct  system 
is  initiated  by  an  electrical  signal  to  redundant  safe  and  are  devices. 

The  explosive  output  from  the  safe  and  arm  devicec  is  transmitted  by 
various  detonating  fuse  harnesses  to  the  various  destruct  charges  located 
around  the  booster  tanks  and  in  the  solid  motors.  The  detonating  fuse 
circuits  are  duplicated  and  interconnected  for  redundancy. 
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Ordnance  Systems  (Second  Statte) 


The  second-stage  ordnance  systems  perform  the  following  functions: 


n.  Second-stage  destruct; 


b. 


c . 


d. 


f . 


g- 
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Second-stage  destruct; 

Attitude  control  system  isolation; 
Retro-valve  operation; 

Spacecraft  fairing  separation; 
Third-stage  spin-up; 

Third-stage  separation. 

Ordnance  Systems  (Third  Stage) 


The  third-stage  ordnance  systems  perform  the  following  functions: 
destruct,  third-stage  solid  motor  ignition,  and  spacecraft  separation. 


C5.3  MISSION  SCENARIO 

The  main  engine  provides  pitch  and  yaw  control  by  gimbaling  in  the  pitch 
and  yaw  planes  during  powered  flight  phase.  The  vernier  engines  are 
gimbaled  to  provide  roll  attitude  control  prior  to  main  engine  utoff 
(MECO).  The  vernier  engines  also  provide  roll,  pitch,  and  yaw  attitude 
control  from  MECO  through  vernier  engine  cutoff  (VECO). 

Six  of  Che  Castor  IV  solid  propellant  motors  (TX326-2)  are  ignited  at 
lift-off.  The  three  Castor  IV  (TX526-3)  motors  that  are  not  ignited  at 
lift-off  are  ignited  at  a  predetermined  time  after  li*'t-off.  The  six 
motors  ignited  at  lift-off  are  jettisioned  during  the  early  portion  of  the 
air-start  motor  operation.  After  the  air-start  solid-propellant  motors 
burr,  out,  they  are  jettisoned  simultaneously. 

The  booster  liquid  propulsion  system  has  a  burn  time  of  approximately  226 
seconds.  Each  TX526-2  solid  motor  has  a  total  burn  time  of  57.^  seconds. 
Each  TX526-3  solid  motor  has  a  total  burn  time  of  57 .U  seconds. 


The  second-stage  sequence  of  events,  for  the  392X  vehicles,  begins  at  Main 
Engine  Cutoff  (MECO)  plus  13  seconds.  At  MECO  plus  13  seconds,  the  tank 
shutoff  pilot  valve  (TSPC)  is  energized  and  pneumatically  opens  the 
oxidizer  and  fuel  tank  shutoff  valves  for  pressurizing  the  second-stage 
prcpellant  tanks. 

At  the  same  time,  the  second-stage  engine  is  given  a  start  command.  The 
oxidizer  and  fuel  tank  shutoff  valves  remain  open  throughout  the  first 
burn  (approximately  7  minutes).  At  the  first  second-stage  engine  cutoff 
(first  SECO),  the  tank  shutoff  valves  are  closed  and  remain  closed  for  the 
duration  of  the  mission.  The  retro  function,  after  third-stage 
separation,  reduces  the  helium  supply  bottle  pressure  to  zero. 

The  current  start  sequence  is: 

MECO  +  13  SEC  -  Tank  shutoff  valves  open  and  engine  stare. 
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The  third-ftage  sequence  of  evencs  is  dependent  on  the  third-stage  motor 
employed . 

The  TE-M-364-3  third  stage  consists  of  a  Thiokol  Corporation  TE-M-36A-3 
solid  propellant  rocket  motor  with  an  action  time  of  4A.1  seconds. 

The  TE-M-364-4  third  stage  consists  of  a  Thiokol  Corporation  TE-M-36A-4 
solid  propellant  rocket  motot  with  an  action  time  of  43.6  seconds. 

The  TE-M-364-4  third  stage  consists  of  a  Thiokol  Corporation  TE-M-364-14 
solid  propellant  rocket  motor  with  an  action  time  of  39  seconds. 
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Geosynchronous  Transfer  Orbit  Capability 
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Figure  C5-2  Delta  Launch  Vehicle 
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391X  and  392X  Vehicle  Nitrogen  System  Schematic 
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Figure  C5-8  Third-Stage  Solid  Propellant  Motor  Igniter 
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C6.0  INTRODUCTION 


Th<»  following  data  were  extracted  from  Technical  Manual,  USAF  Model 
LGM-25C,  Missile  Weapon  System  Operation,  T.O.  21M-LGM25C-1 ,  1  Feb  1976, 
revised  15  May  I98li,  00-ALC/MMED,  Hill  AFB,  Utah  84056.  For  additional 
information  see  supplemental  publication  T.O.  21M-LGM25C-1 -2 
(classified).  Data  were  also  extracted  from  Technical  Manual,  USAF  Model 
LGM-25C,  Propellant  System,  Missile  Weapon  System,  1.0.  l'lM-LGM25C-2-l2-2, 
7  May  l'''2,  revised  28  Oct  1983,  00-ALC/MMED,  Hill  AFB,  Utah  84056. 

C6 . 1  LGM-25C  MISSILE  -  GENERAL  DESCRIPTION 

The  LGM-25C  ballistic  missile  consists  of  a  two-stage  rocket-engine- 
powered  vehicle  and  a  reentry  vehicle  (RV).  Provisions  are  included  for 
in-flight  separation  of  Stage  II  from  Stage  I,  and  separation  of  the  RV 
from  Stage  II.  The  Stage  I  and  Stage  II  vehicles  each  contain  propellant 
and  pressurization,  rocket  engine,  hydraulic  and  electrical  systems,  and 
explosive  components.  In  addition.  Stage  II  contains  the  flight  control 
system  and  missile  guidance  set.  Figures  C6-I  and  C6-2  illustrate  the 
major  characteristics  of  the  LGM-25C  missile. 

The  launch  complex  (Fig.  C6-3)  includes  both  above-ground  and  hardeiied 
underground  facilities.  Hardened  facilities  include  the  missile  silo, 
control  center,  blast  lock,  interconnecting  cableways,  emergency  escape 
hatch,  and  hardened  communications  equipment.  Above  ground,  nonhardened 
facilities  include  vehicle  parking  areas,  security  fencing  and  lighting, 
propellant  and  electrical  connections,  static  grounding  system,  commercial 
power  lines,  a  transformer,  cooling  tower  pits,  access  portal,  nonhardened 
antennas,  soft  water  storage,  area  security  surveillance  system,  and 
weather  instruments. 

The  missile  silo  (Fig.  C6-4)  is  a  reinforced  concrete  structure  with 
inside  dimensions  of  approximately  146  feet  in  depth  and  53  feet  in 
diameter.  A  launch  duct,  constructed  with  a  sound-attenuating  lining,  is 
located  in  the  center  of  the  silo.  Associated  installed  equipment  and 
structures  include  a  silo  closure  door,  retractable  work  platforms,  hazard 
sensing  devices,  and  a  small  equipment  and  personnel  elevator  operating 
between  Levels  2  and  8.  Two  exhaust  ducts  carry  missile  exhaust  and 
ingested  air  from  the  flame  deflector  through  deflecting  cascade  vanes  to 
the  surface.  Equipment  areas  are  located  between  the  launch  duct  and  the 
missile  silo  walls  on  nine  separate  levels. 

The  launcn  silo  closure  door  consists  of  the  closure  door,  wheel  trucks, 
track  rails,  buffers,  and  a  door  actuating  system.  The  door  actuating 
system  consists  of  rail  bridge  jacks;  door  locks;  a  drive  unit;  cables;  a 
pneudraulic  power  system;  and  electrical,  hydraulic,  and  pneumatic 
controls . 

Personnel  safety  is  maintained  throughout  the  launch  complex  by  hazard 
sensing  and  warning  equipment,  protective  clothing  and  equipment,  safety 
equipment,  and  safety  requirements.  Because  of  the  hazardous  conditions 
that  could  exist  in  the  launch  complex,  personnel  must  be  familiar  with 
safety  procedures  and  the  use  of  safety  equipment. 
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Hazard  sensinf.  and  warning  equipment  is  located  throughout  the  launch 
complex  for  h'-*3ard  sensing  and  w^\rning  of  personnel  and  for  controlling 
propellant  vapor  level  and  fires.  Hazard  elimination,  using  water  spray, 
air  purge,  or  foam.  Is  actuated  automatically  by  the  hazard  system  in 
critical  areas. 

Cb . 2  SYSTEMS  DESCRIPTIONS,  HAZARDOUS  MATERIALS.  SCHEMATICS 


C6.2.1  Airframe 

The  airframe  (Fig.  C6-5 )  is  a  two-stage  aerodynamical ly  stable  structure 
that  houses  and  protects  the  airborne  missile  equipment  during  powered 
flight.  The  missile  guidance  set  enables  the  shutdown  and  staging  enable 
relay  to  initiate  Stage  I  separation.  The  missile  guidance  set  initiates 
Stage  II  and  RV  separation.  Each  stage  is  10  feet  in  diameter  and  has 
fuel  and  oxidizer  tanks  in  tandem,  with  the  walls  of  the  tanks  forming  the 
skin  of  the  missile  in  those  areas.  External  conduits  are  attached  to  the 
outside  surfaces  of  the  tanks  to  provide  passage  for  wire  bundles  and 
tubing.  Access  doors  are  provided  on  the  missile  forward,  aft,  and 
between-tanks  structures  for  inspection  and  maintenance.  A  manhole  cover 
for  tank  entry  is  located  on  the  forward  dome  of  each  tank. 

The  Stage  I  airframe  consists  of  an  interstage  structure,  oxidizer  tank 
forward  skirt,  oxidizer  tank,  between-tanks  structure,  and  fuel  tank.  The 
interstage  structure,  oxidizer  tank  forward  skirt,  and  between-tanks 
structure  are  all  fabricated  assemblies  using  riveted  skin,  stringers,  and 
frame.  The  oxidizer  tank  is  a  welded  structure  consisting  of  a  forward 
dome,  tank  barrel,  aft  dome,  and  feedline.  The  fuel  tank,  also  a  welded 
structure,  consists  of  a  forward  dome,  tank  barrel,  aft  cone,  and  internal 
conduit . 

Stage  II  airframe  consists  of  a  transition  section,  oxidizer  tank, 
between-tanks  structure,  fuel  tank,  and  aft  skirt.  The  transition 
assembly,  between-tanks  structure,  and  aft  skirt  are  all  fabricated 
assemblies  using  riveted  skin,  stringers,  and  frames.  The  oxidizer  tank 
and  fuel  tank  are  welded  structures  consisting  of  forward  and  aft  domes. 

C6.2.2  Pocket  Engine  System 

The  missile  rocket  engine  system  consists  of  a  Stage  I  rocket  engine 
(LR-87-AJ-5)  and  a  Stage  II  rocket  engine  (LR-91-AJ-5 ) .  The  Stage  I 
rocket  engine  is  designed  to  operate  with  a  rated  thrust  of  430,000  pounds 
at  sea  level;  Stage  II  rocket  engine  is  designed  to  operate  with  a  rated 
thrust  of  100,000  pounds  at  an  altitude  of  250,000  feet.  An  autogenous 
propellant  tank  pressurization  system  is  part  of  the  rocket  engine  system. 

The  Stage  I  rocket  engine  (Fig.  C6-6)  consists  of  two  independent 
subassemblies  mounted  on  a  single  engine  frame.  Each  subassembly  contains 
a  thrust  chamber  assembly,  a  turbopump  assembly,  a  gas  generator,  and  an 
engine  start  system.  The  two  subassemblies  have  an  integrated  electrical 
system  for  simultaneous  operation. 
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stage  I  rocket  engine  operation  is  initiated  by  the  launch-command  signal 
from  the  LCCFC.  Prior  to  Stage  I  rocket  engine  operation,  the  missile 
prevalves  are  opened  to  allow  propellant  to  flow  through  the  suction  lines 
to  the  rocket  engine.  At  countdown  T-zero,  a  28-Vdc  signal  is  applied  to 
the  two  solid-propellant  starter  cartridge  initiators.  Ignition  and 
burning  of  the  gas  pressure  generator  produces  hot  gases  that  are  directed 
through  an  inlet  nozzle  to  the  turbopump  assembly  turbine  for  initial 
acceleration  and  running  of  the  turbine.  The  turbine,  through  a  gear 
train,  drives  the  fuel  and  oxidizer  pumps.  The  fuel  and  oxidizer  pumps 
deliver  propellants  through  discharge  lines  to  the  thrust  chamber  valves. 
When  fuel  discharge  pressure  within  the  fuel  discharge  lines  reaches  310 
psi,  a  pressure-actuated  valve  (thrust  chamber  valve  pressure  sequencing 
valve)  opens.  Through  mechanical  coupling,  the  thrust  chamber  fuel  and 
oxidizer  valves  open;  fuel  flows  down  the  thrust  chamber  coolant  tubes  and 
back  up  into  the  injector  and  is  emitted  into  the  combustion  chamber. 
Oxidizer  clows  directly  through  the  injector  into  the  combustion  chamber. 
The  propellants  ignite  hypergolically,  and  the  flow  of  expanding  gases 
from  the  nozzle  produces  thrust.  Rocket  engine  sustained  operation 
depends  on  bootstrap  operation  involving  the  turbopump  assembly  and  the 
gas  generator.  Simultaneously  with  the  flow  of  propellants  to  the  thrust 
chamber,  a  small  amount  of  fuel  and  oxidizer  is  drawn  off  below  the  thrust 
chamber  valves  into  gas  generator  fuel  and  oxidizer  lines.  Cavitating 
venturis,  located  in  the  gas  generator  lines,  control  propellant  flow  to 
the  gas  generator.  Propellant  pressures  open  the  check  valves  installed 
in  the  lines,  allowing  propellant  to  enter  the  gas  generator.  The 
propellants  ignite  hypergolically,  and  a  fuel-rich  gas  is  produced,  which 
gas  enters  the  turbine  inlet,  drives  the  turbine,  and  thereby  sustains 
turbopump  assembly  operation.  An  autogenous  pressurization  system  is  used 
for  inflight  propellant  tank  pressurization. 

The  oxidizer  tank  is  pressurized  by  directing  a  small  amount  of  oxidizer 
into  an  autogenous  system  super-heater  where  the  oxidizer  is  heated  and 
converted  to  a  gas.  The  expanding  gas  is  directed  to  the  oxidizer  tank 
for  Inflight  tank  pressurization.  Engine  shutdown,  at  the  end  of  Stage  I 
flight,  occurs  when  either  oxidizer  or  fuel  is  depleted,  causing  a 
subsequent  drop  in  thrust  chamber  pressure  that  is  detected  by  the  thrust 
chamber  pressure  switch.  When  this  lower  pressure  is  sensed,  a  signal  is 
sent  to  the  thrust  chamber  pressure  sequencing  valve  to  initiate  closing 
of  the  thrust  chamber  valves,  thereby  terminating  rocket  engine 
operation.  Simultaneously,  a  signal  is  sent  to  the  Stage  II  separation 
nut  squibs  and  gas  pressure  generator  to  initiate  Stage  II  separation  and 
rocket  engine  start. 

The  Stage  II  rocket  engine  (Fig.  C6-7)  consists  of  a  thrust  chamber 
assembly  with  ablative  skirt,  turbopump  asserr'  ■  gas  generator,  fuel  tank 
autogenous  pressurization  system,  roll  control  assembly,  and  engine 
control  system. 


Except  for  minor  differences,  the  Stage  II  rocket  engine  operates  the  same 
as  the  Stage  I  rocket  engine.  The  initial  start  signal  for  the  Stage  II 
rocket  engine  is  transmitted  from  the  thrust  chamber  pressure  switches 
located  on  the  Stage  I  rocket  engine.  At  Stage  I  engine  shutdown,  a 
signal  is  transmitted  from  the  Stage  I  pressure  switches  to  initiate  the 
Stage  [I  solid-propellant  starter  cartridge  and  separation  nut  squibs. 

The  rocket  engine  self-sustaining  and  shutdown  operations  are  similar  to 
those  of  Stage  I;  however,  the  shutdown  signal  for  Stage  II  is  initiated 
by  the  missile  guidance  set.  A  roll  control  nozzle  using  exhaust  gas  from 
the  gas  generator  is  incorporated  in  the  system  to  provide  roll  control  of 
the  missile  during  Stage  II  operation.  The  roll  control  nozzle  is 
connected  to  a  hydraulic  actuator  installed  between  the  missile  and  the 
roll  control  assembly.  The  flight  control  system  receives  guidance 
signals  from  the  missile  guidance  set  and  sends  control  signals  to  the 
actuator.  Pressurization  of  the  Stage  II  oxidizer  tank  is  noc  required  in 
flight.  The  Stage  II  fuel  tank  is  pressurized  using  cooled  exhaust  gas. 

C6.2.3  Airborne  Propellant  System 

The  airborne  propellant  system  (Fig.  C6-8)  consists  of  fuel  and  oxidizer 
tanks,  disconnects,  pressure  transducers,  storage  valves,  and 
pressurization  and  vent  piping.  The  primary  purpose  of  the  propellant 
system  is  to  load  the  missile  with  propellants  and  initially  pressurize 
the  missile  propellant  tanks  to  lockup  pressures.  The  system  has  the 
facilities  for  unloading  the  missile  propellant  tanks;  pressure-testing, 
purging,  and  blanketing  missile  piping;  and  conditioning  propellants. 

Mormal  and  special  unloading  consists  of  connecting  mobile  equipment  and 
transferring  propellants. 

Fuel  supplied  by  the  propellant  system  is  hydrazine-UDMH  50/30  mixture 
(MIL-P-27402) ,  and  oxidizer  is  nitrogen  tetroxide  (MIL-P-26539A) .  Gaseous 
nitrogen  (MIL-P-27A01A)  is  used  to  pressure-test,  purge,  and  blanket 
system  tanks,  lines,  and  components.  Air  pressure  from  the  facility  air 
system  is  used  to  actuate  pneumatically  operated  valves  in  the  launch  silo. 

The  Stage  I  fuel  and  oxidizer  fill-drain  and  Storage  Valve  2  drain 
disconnects  are  located  in  the  Stage  I  engine  compartment.  The  remaining 
Stage  I  and  Stage  II  disconnects  are  located  at  various  points  on  the 
outer  skin  of  the  missile.  The  disconnect  ground  halves  are  connected  to 
these  disconnects  to  direct  the  flow  of  propellants  and  gases  to  and  from 
the  missile  tanks.  The  disconnects  are  self-sealing  and  must  be  manually 
connected  and  disconnected. 

Pressure  transducers  are  located  in  the  dome  of  each  missile  propellant 
tank.  The  output  of  these  transducers  is  connected  to  a  digital  meter 
mounted  on  a  facilities  console  indicating  the  selected  propellant  tank 
pressure  in  pounds  per  square  inch  gauge  (psig).  The  transducer  output  is 
also  used  to  operate  related  propellant  system  equipment  if  structural 
pressure  limits  are  exceeded  during  loading  or  unloading  operations.  This 
function  is  accomplished  by  conversion  of  the  transducer  output  to  a 
28-Vdc  control  signa?  in  the  Propellant  Transfer  System  (PTS)  structural 
pressure  control  unit. 
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There  are  six  storage  valves:  four  in  the  Stage  1  engine  compartment  and  * 

two  in  the  Stage  II  engine  compartment.  These  valves  are  gas-pressure, 

(squib)  actuated  butterfly  valves  with  zero-leak  diaphragms.  The  *  • 

diaphragms  prevent  propellants  stored  in  tne  missile  tanks  from  entering 
the  engines.  Each  valve  has  c  positive  locking  device  that  automatically 
locks  Che  Valve  in  the  open  position  when  the  valve  is  actuated. 

Kill-drain  disconnects  are  directly  connected  to  one  fuel  valve  and  one 
oxidizer  valve  in  Stage  I.  Two  other  Stage  I  valves  have  disconnects  used 
to  drain  propellants  trapped  above  the  valves  during  unloading 
operations.  Fill-drain  disconnects  are  connected  to  Stage  II  valves  by 
flex  hoses. 

The  pressurization  and  vent  piping  for  the  Stage  I  fuel  and  oxidizer  tanks 
and  the  Stage  II  fuel  tank  consists  of  flex  hose  between  the  tnn  nf  each 
tank  and  disconnects  on  the  skin  of  the  missiles.  The  Stage  II  oxidizer 
tank  pressurization  and  vent  piping  is  a  flex  hose  between  the  bottom  of 
the  Lank  ana  a  disconnect  on  the  missile  skin.  These  systems  are  used  to 
safely  vent  ga.=;ns  away  from  the  missile  during  loading  operations  and  to 
pressurize  the  missile  tanks  to  flight  pressure  after  loading.  They  are 
also  used  to  pressurize  the  missile  for  leak  check,  purging,  blanketing, 
and  propellant  unloading. 

C6.2.^  System  Equipment 

The  propellant  system  is  divided  into  airborne  equipment,  fixed  equipment, 
and  mobile  equipment . 

Propellant  system  airborne  equipment  consists  of  disconnects,  pressure 
transducers,  storage  valves,  and  piping. 

Airborne  half  disconnects  permit  connecting  ground  half  disconnects  and 
hoses  to  the  missile  and  allow  flow  of  prcpeilants  and  gases  to  and  from 
the  missile  propellant  tanks.  Stage  I  fuel  and  oxidizer  fill-drain  and 
storage  valve  drain  disconnects  are  located  in  Stage  I  engine 
compartment.  Other  Stage  I  and  II  disconnects  are  located  at  various 
points  on  the  missile  skin.  The  disconnects  are  self-sealing  and  must  be 
manually  connected  and  disconnected  from  the  ground  half  disconnects. 

A  pressure  transducer  mounted  on  the  dome  of  each  propellant  tank  provides 
a  voltage  proportional  to  tank  pressure.  This  voltage  is  applied  to  the 
Propellant  Tank  Pressure  Monitor  Unit  (PTPMU)  located  on  top  of  the  Launch 
Control  Complex  Facilities  Console  (LCCFC).  The  PTPMU  enables  an  operator 
to  monitor  any  individual  propellant  tank  pressure  when  the  appropriate 
pushbutton  switch  is  pressed.  The  tank  pressure  is  indicated  in  psig  on  a 
digital  read-out  meter.  Out-of-tolerance  tank  pressures  may  be  predicted 
and  subsequently  corrected  and  avoided  by  scheduled  monitoring  and 
recording  of  tank  pressures.  To  prevent  structural  damage  to  the  missile 
during  propellant  transfer  operations,  the  pressure  transducer  output 
voltage  is  applied  to  the  Propellant  Transfer  System  Control  Uni: 

(PTSCU).  During  propellant  loading,  structural  overpressure  is  prevented 
when  the  pressure  transducer  output  voltage  proportional  to  the  structural 
overpressure  limit  causes  the  PTSCU  to  apply  a  close  signal  to  the 


propellant  loading  control  valve.  During  propellant  loading,  structural 
overpressure  is  prevented  when  the  pressure  transducer  output  voltage 
proportional  to  the  structural  overpressure  limit  causes  the  PTSCU  to 
apply  a  close  signal  to  the  propellant  loading  control  valve.  During 
propellant  unloading,  structural  underpressure  is  prevented  when  the 
pressure  transducer  output  voltage  proportional  to  the  structural 
underpressure  limit  causes  the  PTSCU  to  apply  a  shutdown  signal  to  the 
propellant  unloading  pump. 

Font  storage  valves  are  Located  in  the  Stage  t  engine  compartment  and  two 
in  the  Stage  11  engine  compartment.  Storage  valves  are  gus-pressure- 
cartridge  actuated  butterfly  valves  with  zero  leak  diaphragms,  the 
diaphragms  prevent  propellants  in  the  missile  tanks  from  entering  the 
engines  during  loading,  unloading,  or  storage  of  propellants.  The  valves 
are  locked  in  the  open  position  when  actuated.  Stage  II  storage  valves 
are  connected  to  the  fill-drain  disconnects  by  flexible  hoses.  One  fuel 
storage  valve  and  one  oxidizer  s  orage  valve  in  Stage  I  are  connected 
directly  to  the  fill-drain  disconnects.  The  other  Stage  I  valves  have 
disconnects  (dead-leg  drains)  that  drain  propellants  trapped  above  the 
valves  auring  unloading  operations.  The  coded  switch  system  butterfly 
valve  lock  (refer  to  T.O.  21M-LGM25C-2-26 )  is  installed  on  the  valve 
actuator  shaft  of  the  Stage  I  Oxidizer  Storage  Valve  2  (oxidizer  valve 
with  dead-leg  drain).  Any  maintenance  operation  on  this  valve  or  tasks 
performed  near  this  valve,  after  the  butterfly  valve  lock  has  been 
installed,  must  be  performed  in  strict  adherence  with  Stage  I/Stage  II 
airborne  fuel  or  oxidizer  components  replacement  sequence  requirements  of 
T.O.  21M-LGM25C-ISC-L. 

Pressurization  and  vent  piping  are  used  to  vent  gases  from  the  missile 
propellant  tanks  during  loading  operations  and  to  pressurize  the  tanks  to 
lockup  pressures  after  loading.  The  piping  is  also  used  to  pressurize  the 
missile  propellant  tanks  for  leak  chucks,  purging,  blanketing,  and 
unloading.  Stage  I  fuel  and  oxidizer  tanks  and  Stage  II  fuel  tank  piping 
consists  of  a  flexible  hose  from  the  top  of  each  tank  to  disconnects  on 
the  missile  skin.  Stage  II  oxidizer  tank  piping  consists  of  a  flexible 
hose  from  the  bottom  of  the  tank  to  a  disconnect  on  the  missile  skin. 

Stage  I  fuel  and  oxidizer  and  Stage  II  fuel  autogenous  system  piping 
consists  of  pressure  fittings,  flexible  hoses,  rigid  piping,  and  rupture 
discs.  Stage  II  oxidizer  tank  does  not  have  autogenous  system  piping. 

The  rupture  disc  prevents  propellant  vapors  from  entering  the  autogenous 
system  piping. 

Fixed  equipment  consists  of  stationary  propellant  system  equipment  in  the 
Launch  complex.  Fixed  equipment  is  located  at  fuel  and  oxidizer 
handstands,  fuel  and  oxidizer  vent  areas,  and  in  the  control  center  and 
launch  silo. 

C6 . 2 . S  Propellant  System  Safety  Requirements 

Additional  requirements  for  fuel  handling  and  transfer  are  outlined  in 
AFOSH  Standard  161-13  (Attachmenc  7  for  Titan  II).  These  requirements 
include  establishing  temporary  restricted  areas,  posting  of  caution  signs. 
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and  additional  requirements  for  support  agencies.  Permissible  exposure 
limits  for  missile  propellants  are  contained  in  AFOSH  Standard  161-8. 
Where  the  M26A1  is  used  as  Category  V  protection  in  a  confirmed  A-50 
environment,  the  canister  will  be  disposed  of  at  the  end  of  the  duty 
shift.  For  instances  where  this  device  is  planned  for  use  as  protection 
against  NDMA,  the  medical  service  will  ensure  that  the  users  have  been 
properly  trained  on  all  aspects  of  the  documented  respiratory  protection 
program. 


Spills  or  small  puddles  of  fuel  in  the  silo  should  be  wet  down  with  water 
instea^l  of  being  allowed  to  evaporate,  in  order  to  minimize  evolution  of 
A-50  to  NDMA  vapor. 

Discourage  access  to  silo  air  exhaust  for  a  reasonable  time  during  and 
following  any  fuel  (liquid  or  vapor)  release  in  the  silo  and  to  fuel  vent 
release  point  during  and  following  venting. 

The  following  chart  depicts  the  minimum  required  weather  conditions  for 
each  listed  operation.  These  minimum  conditions  must  exist  and  should  be 
expected  (forecastad)  to  remain  throughout  the  operations.  However,  if 
propellant  flow  (load/unload)  has  started  and  prevailing  weather 
conditions  deteriorate  below  minimum  requirements,  the  operation, 
including  pressure  drain  of  fixed  system,  will  be  completed.  The  3-30 
knots  average  wind  requirements  are  determined  by  using  a  10-minute 
recorded  wind  trace.  The  average  trace  during  this  period  must  be  3  knots 
or  greater,  but  must  not  exceed  30  knots. 


Task 

Fuel/Oxidizer 

Load/Unload 


Pressure  Drain 
and  Purge  of 
Fueled /Oxidizer 
Fixed  System 

Purge  Oxidizer 
Fixed  System 

Rough  and  Final 
Adjust 


Required  Conditions 

Negative  Delta  T 
3  to  30  knots  Wind 
Daylight  Hours 
No  Precipitation 
No  Thunderstorm  within  3  Miles 

Negative  Delta  T 
3  to  30  knots  Wind 
No  Precipitation 
No  Thunderstorm  within  3  Miles 

No  Restrictions  When  OVB 
Is  Used 

Negative  Delta  T 
3  to  30  knots  Wind 
Daylight  Hours 
No  Precipitation 
No  Thunderstorm  within  3  Miles 
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Task 


Required  Conditions 


Propellant  Sampling 


I.i{juid  Truiisfer 
Between  Trailers 


Missile  Oxidizer 
Tank  Purge  (Does  Mot 
Apply  to  Purge  for 
Dewpoint  on  Purged 
Missiles ) 


Missile  Fuel  Tank 
Purge  (Does  Not 
Apply  to  Purge  for 
Dewpoint  on  Purged 
Missiles ) 

Missile  Oxidizer 
Tank  Vent 

Missile  Oxidizer 
Tank  Vent  for 
Component  Replacement 
on  Loaded  Missiles 


Missile  Fuel  Tank 
Vent  for  Component 
Replacement  on  Loaded 
Missiles /Preparation 
for  Unloading 

Fixed  System 
Component  Replacement 

Connect /Disconnect 
or  above  Ground  Hoses 


Negative  E)elta  T 
3  to  30  knots  Wind 
Daylight  Hours 
No  Precipitation 
No  Thunderstorm  within  3  Miles 

Negative  Delta  T 
3  to  30  knots  Wind 
Daylight  Hours 
No  Precipitation 
No  Thunderstorm  within  3  Miles 

No  Restrictions  When 
OVB  Is  Used  ' 

When  OVB  Is  Not  Used  the 
Following  Conditions  Apply: 
Negative  Delta  T 
3  to  30  knots  Wind 

Negative  Delta  T 
3  to  30  knots  Wind 
No  Thunderstorm  within  3  Miles 


No  Restrictions  When 
OVB  Is  Used 

Negative  Delta  T 
3  to  30  knots  Wind 
Daylight  Hours 
No  Precipitation 
No  Thunderstorm  within  3  Miles 

Negative  Delta  T 
3  to  30  knots  Wind 
Daylight  Hours 

No  Thunderstorm  within  3  Miles 


Venting  Controlled  To 

Allow  Sufficient  Vapor  Dispersion 

Daylight  Hours 
No  Precipitation 
Vent  to  Allow  Sufficient 
Vapor  Dispersion 
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Task 


Component  Replacement  Negative  Delta  T 
on  Contaminated  3  to  30  knots  Wind 

Trailers  Daylight  Hours 

No  Precipitation 
No  Thunderstorm  within  3  Miles 


Missile  Tank  Venting  Venting  Controlled  To  Allow 
for  Overpressure/  Sufficient  Vapor  Dispersion 
Underpressure 


Purge  Oxidizer  No  Restr'ction  When  OVB  Is  Used 

Fixed  System  for  When  OVB  Is  Not  Used,  the 

Deactivation  Following  Conditions  Apply: 

Negative  Delta  T 
3  to  30  knots  Winds 


The  Titan  II  propellants  are  ptwerful  corrosive  chemicals  and  quickly 
degrade  most  organic  materials.  Nitric  acid  is  formed  in  various 
concentrations  when  nitrogen  tetroxide  mixes  with  moisture  in  the  launch 
duct  air.  This  combination  of  missile  propellant  leaks  and  launch  duct 
humidity  could  cause  structural  damage  to  missile  airframes,  engines,  and 
electrical  or  electronic  cc^mponents.  Quick  response  to  propellant  leaks, 
high  humidity,  clean-up  of  propellant  spills,  and  treatment  of  corrosion 
is  required  to  prevent  excessive  equipment  damage. 


Facility  vent  quick  disconnects  will  not  remain  connected  to  a  loaded 
missile  tank  anytime  a  qualified  Category  I  team  is  not  on  complex. 
Failure  to  disconnect  vant  quick  disconnect  can  result  in  release  of 
vapors  into  the  launch  duct  because  of  overpressurization  or  component 
failure. 


Area 


Hazard 


Fuel  Hardstand,  Contact  v/ith  liquid  fuel  (UDMH) 

Fuel  Vent  Area,  and  and  fuel  vapors  mut .  be  avoided. 
Launch  Silo 

Physical  contact  with  liquid  fuel 
can  cause  irritation  of  the  skin 
and  eyes.  Inhalation  of  fuel  vapors 
can  cause  severe  injury  to  tha 
respiratory  system.  Liquid  fuel 
is  particularly  hazardous,  since 
toxic  effects  are  encountered  by 
skin  absorption  as  well  as 
inhalation.  Toxic  effects, 
encountered  through  either  inhalation 
or  absorption,  can  result  in  death. 
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Hazard 


Contact  with  liquid  oxidizer  (nitrogen 
tetroxide)  and  oxidizer  vapors  must 
be  avoided.  Physical  contact  with 
liquid  oxidizer  can  cause  severe  burns 
to  the  skin  and  eyes.  Although  inhalation 
of  the  oxidizer  vapors  may  cause  no 
immediate  discomfort,  death  or  serious 
delayed  damage  to  the  respiratory  system 
can  result. 

If  fuel  and  oxidizer  lines  are 
disconnected  at  the  same  time, 
fire  may  result.  Products  of 
oxidizer  and  fuel  combustion 
are  toxic.  (Refer  to  safety 
precautions  for  oxidizer  and 
fueled  hazards.) 

Removing  components  containing 
fuel  or  oxidizer  can  result  in 
injury  to  personnel  and  equipment. 

(Refer  to  safety  precautions  for 
oxidizer  and  fuel  hazards.) 

Electrical  equipment  can  cause  shocks, 
burns,  electrocution,  and  fire. 

System  Receptacle  Pit, 

Fuel  Hardstand, 

Oxidizer  Hardstand, 

Control  Center,  and 
Launch  Silo 

Launch  Silo  Fire  near  warhead  or  re-entry 

vehicle  causes  danger  from  high- 
explosive  detonation. 

C6.2.6  Special  Safing  Procedures 

This  section  contains  special  procedures  for  safing  the  propellant  system 
when  leaks,  spills,  or  other  malfunctions  occur.  However,  because  of  the 
vast  number  of  malfunctions  that  could  occur,  only  the  most  common 
situations  are  covered  by  detail  procedures.  Personnel  involved  in 
propellant-related  operations  or  malfunctions  must  exercise  three  basic 
actions:  First,  safe  the  system  and  evacuate  nonessential  personnel  from 
the  immediate  area.  Second,  contain  vapors  within  the  complex  area  and 
evacuate  personnel  from  the  projected  corridor.  Finally,  ensure  that 
personnel  have  been  evacuated  prior  to  implementation  of  corrective  action 
directed  by  special  procedures  or  the  Missile  Potential  Hazard  Team 
(MPHT),  which  procedures  could  result  in  a  vapor  release. 


Area 

Oxidizer  Hardstand, 
Oxidizer  Vent  Area 


Launch  Silo 


Launch  Silo,  Fuel 
Hardstand,  and 
Oxidizer  Hardstand 


Control  Trailer, 
Propellant  Transfer 


C6-10 


Special  procedures  in  T.O.  21M-LGM25C-2-12  will  be  used  by  the  PTS  team 
chief  for  all  unexpected  vapor  hazards  that  occur  during  PTS  operations 
performed  in  the  silo  by  personnel  in  Category  I  clothing.  All  topside 
propellant  vapor  hazards  will  be  handled  by  the  PTS  team  chief  using  T.O. 
21M-LGM25C-2-12.  Hazards  other  than  propellant  hazards  will  require  MCCC 
to  use  emergency  procedures  contained  in  T.O.  21M-LGM25C- 1 .  Emergency 
procedures  in  T.O.  2lM-LGM2‘iG-l  and  special  procedures  in  T.O. 
21M-LGM25C-2-12  will  not  be  used  for  LCCKC  indications  that  normally 
result  from  maintenance  activities,  e.g.,  OXI  VAPOR  LAUNCH  DUCT  flashing 
on  LCCFC  when  disconnecting  Stage  II  oxidizer  disconnect  from  missile. 
Prior  to  performing  any  action  that  may  result  from  indications  as 
described  above,  the  MCCC  will  be  advised.  The  MCCC  will  announce  on  the 
VSS  that  the  KLAXON  may  sound  and  that  the  silo  need  not  be  evacuated 
unless  otherwise  directed.  If  the  PTS  team  chief  determines  that  a 
hazardous  condition  exists,  personnel  will  immediately  initiate  the 
appropriate  special  procedures.  The  DMCCC  notifies  the  Wing  Command  Post 
(WCP)  of  the  abnormal  situation  and  planned  corrective  action.  The  PTS 
team  chief  will  report  the  result  of  team  actions  and  advise  the  MCCC  that 
the  abnormal  situation  is  corrected/controlled  or  that  special  procedures 
must  be  continued;  the  DMCCC  notifies  WCP  of  these  results.  Request  for 
Missile  Potential  Hazard  Team  assistance  is  submitted  to  WCP,  if 
applicable.  After  MCL  32j2,  during  special  procedures  implemented  in  this 
technical  order,  the  MANUAL  SELECTOR  switch  on  VDAP  will  be  positioned  as 
directed  by  the  PTS  team  chief  to  isolate  vapor  hazard  and  ensure  proper 
automatic  corrective  action. 

If  Blast  Door  9  cannot  be  opened  because  of  overpressure  condition  and 
Blast  Damper  2  has  been  closed,  open  and  close  Blast  Damper  2  to  relieve 
overpressure  condition. 

Oxidizer  propellant  leal:s/spills  in  the  silo  and  topside  present  a 
two-fold  problem.  If  the  leak/spill  occurs  inside  the  silo  and  is  small 
enough  that  oil/foam  suppression  procedures  would  be  impractical,  the 
oxidizer  must  be  diluted  with  a  minimum  of  20  parts  water  to  one  part 
propellant  by  volume  before  neutralizing  procedures  can  be  performed. 

This  may  be  accomplished  by  water  hose,  fire  water,  or  sound  suppression 
water  at  the  discretion  of  the  PTS  team  chief.  A  considerable  amount  of 
heat  will  be  generated  by  the  exothermic  reaction  of  water  and  oxidizer. 

A  large  quantity  of  vapor  will  be  emitted  into  the  silo  and  above  ground 
area  when  the  water  is  introduced.  Tie  resulting  vapor  release  must  be 
taken  into  consideration  by  personne  calculating  the  Operational  Toxic 
Corridor  or  other  evacuation  corridors/cordons.  For  large  oxidizer 
leaks/spills  that  occur  topside,  foam  should  be  used  to  cover  the 
leak/spill  and  suppress  the  oxidizer  vapors,  and  then  dilution  water 
should  be  applied  by  a  gentle  spray. 

If  the  leak/spill  is  of  sufficient  quantity  that  water  dilution  would 
create  a  greater  hazardous  situation,  oil  suppression  procedures  may  be 
initiated  at  the  discretion  of  the  MPHT. 
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Fuel  propellant  leaks/spills  can  be  diluted  with  water  or  covered  wich 
foam  to  control  the  explosive  and  flammable  properties  of  the  fuel.  Under 
no  conditions  will  the  LDAC  switch  on  the  FPCB  be  set  to  the  OFF  position 
during  a  fuel  leak.  The  Vapor  Detector  Annunciator  Panel  will  be 
monitored  throughout  all  in-silo  leak/spill  situations.  All  personnel 
must  evacuate  the  silo  area  immediately  if  fuel  vapor  Level  approaches 
12,000  ppm  or  the  rate  of  rise  of  fuel  vapor  concentration  equals  or 
oxi'iM.'ils  1,000  ppm  per  iiiinuti.‘.  If  vapor  r.it  i  on  ri;ai'ln's  ‘i,000  ppm 

and  the  in-silo  team  has  been  evacuated,  the  fire  water  system  should  be 
activated  to  suppress  vapors.  When  the  leak/spill  has  been  contained  and 
diluted,  maintain  the  liquid  in  the  flame  deflector  end  proceed  with 
sampling  and  fuel  neutralization.  When  the  leak/spill  has  occurred  in  the 
fuel  pump  room,  maintain  the  liquid  in  the  silo  equipment  area  sump; 
following  dilution,  proceed  with  sampling  and  neutralization. 

If  the  oxidizer/fuel  leak/spill  has  occurred  in  the  pump  room,  contain  and 
dilute  the  leak/spill  using  sump  sprays  CV-2E-010-0  and  CV-2E017-0  on  silo 
equipment  area.  Level  8. 

C6.2.7  Autogenous  Pressurization  System 

Autogenous  pressurization  systems  (Fig.  C6-9)  are  used  for  the  inflight 
propellant  tank  pressurization  of  both  stages  of  the  LGM-25C  missile. 

Stage  II  incorporates  a  fuel  tank  autogenous  pressurization  system  only. 
Immediately  after  propellant  loading  of  the  missile,  the  Stage  II  oxidizer 
tank  is  pressurized  with  nitrogen  and  sealed.  No  additional  inflight 
pressurization  is  required.  The  Stage  I  autogenous  pressurization  system 
consists  of  a  fuel  tank  pressurization  system  and  an  oxidizer  tank 
pressurization  system.  After  loading,  the  Stage  I  fuel  and  oxidizer  tanks 
and  the  Stage  II  fuel  tank  are  pressurized  and  sealed.  The  fuel  tank 
pressurization  system  consists  of  a  gas  cooler,  hot  gas  bypass  orifice, 
flow  control  orifice,  sonic  nozzle,  burst  diaphragm,  and  connecting 
tubing.  The  oxidizer  tank  pressurization  system  consists  of  a 
super-heater,  oxidizer  bypass  orifice,  cavitating  venturi  and  filter,  flow 
control  orifice,  burst  diaphragm,  and  connecting  tubing. 

The  fuel  tank  autogenous  pressurization  systems  used  on  both  stages  of  the 
LGM-25C  missile  are  identical.  Both  systems  cool  the  hot  exhaust  gas  from 
the  gas  generator  from  +1600  degrees  F  to  +200  degrees  F  in  the  gas 
cooler.  The  cooled  exhaust  gas  is  used  to  maintain  the  required  fuel  tank 
pressure  of  24-2V  psia  on  Stage  I  and  A9-54  psia  on  Stage  II.  Gas 
enthalpy  control  is  provided  by  installing  orifices  of  proper  size  in  the 
bypass  lines  of  the  gas  cooler.  The  amount  of  gas  fed  to  the  fuel  tank  is 
regulated  by  the  use  of  a  sonic  flow  control  nozzle  installed  in  the  line 
between  the  gas  cooler  and  the  fuel  tank.  When  pressure  within  the  system 
reaches  approximately  300  psig,  the  burst  diaphragm,  installed  upstream  of 
the  gas  cooler,  ruptures,  allowing  flow  of  cooled  exhaust  gases  to  the 
missile  fuel  tank. 
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The  oxidizer  tank  autogenous  pressurization  system  uses  hot  gases  from  the 
turbine  exhaust  to  vaporize  oxidizer  obtained  from  the  discharge  side  of 
the  oxidizer  pump;  this  is  accomplished  by  a  super-heater.  When  pressure 
within  the  system  reaches  approximately  300  psig,  the  burst  diaphragm, 
installed  downstream  of  the  super-heater,  ruptures,  allowing  flow  of 
vaporized  oxidizer  to  the  oxidizer  tank  to  maintain  the  required  inflight 
pressure  of  approximately  24-29  psia.  A  cavitating  venturi,  installed  in 
tlie  oxidizer  supply  line  to  the  super-heater,  maintains  a  constant 
oxidizer  flow  rate.  Control  of  the  gas  enthalpy  is  accomplished  by  a 
bypass  orifice  in  the  center-tapped  portion  of  the  super-heater.  The  size 
of  this  orifice  determines  the  amount  of  partially  heated  liquid  to  be 
used  as  the  cooling  agent  for  the  hot  vaporized  gas  passing  through  the 
upper  portion  of  the  super— heater .  The  amount  of  gas  flowing  to  the 
oxidizer  tank  is  regulated  by  a  backpressure  orifice  installed  in  the  line 
between  the  super-heater  and  engine.  A  burst  diaphragm  installed  in  the 
oxidizer  tank  supply  line  prevents  tank  pressurization  loss  during  storage 
and  engine  start. 

C6.2.8  Airborne  Hydraulic  System 

The  airborne  hydraulic  system  (Fig.  C6— 10)  supplies  pressure  to  gimbal  the 
thrust  chambers  of  the  rocket  engines,  roll  control  nozzle,  and  vernier 
rocket  motors.  Each  stage  has  a  closed-loop  system  consisting  of 
hydraulic  pumps,  accumulators,  hydraulic  filters,  actuators,  and 
associated  plumbing  to  produce  the  required  hydraulic  pressure.  Each 
stage  has  a  separate  electric  motor-driven  pump  to  supply  hydraulic  power 
when  the  rocket  engines  are  not  firing. 

The  Stage  I  hydraulic  system  provides  hydraulic  pressure  to  the  Stage  I 
servo  actuators-  Prior  to  flight,  the  Stage  I  hydraulic  system  is  powered 
by  an  electric-motor-driven  pump  that  receives  ground  electric  power 
through  an  vunbii.ical  connector.  During  flight,  this  system  is  powered  by 
a  pump  driven  by  a  turbine  pump  assembly  on  the  Stage  I  engine.  Hydraulic 
pressure  generated  by  the  Stage  I  pump  is  used  by  the  servo  actuators  to 
gimbal  the  thrust  chamber  during  Stage  I  flight. 

The  Stage  II  hydraulic  system  provides  hydraulic  pressure  to  the  Stage  II 
engine,  roll  control,  and  vernier  actuators.  During  sustainer  engine 
firing,  the  hydraulic  system  is  powered  by  the  turbine  pump-assembly- 
driven  pump.  At  sustainer  engine  shutdown,  the  electric-motor-driven  pump 
starts  and  supplies  hydraulic  power  to  the  vernier  rocket  motor 
actuators.  The  electric  motor  receives  power  from  the  vernier  hydraulic 
power  supply  (VHPS)  battery  located  in  the  Stage  II  equipment 
compartment.  The  battery  power  switch  is  closed  by  a  signal  from  the 
Stage  II  sustainer  engine  shutdown  relay  during  flight. 

C6.2.9  Airborne  Electrical  System 


The  airborne  electrical  system  is  composed  of  the  accessory  power  supply 
(APS)  battery,  the  VHPS  battery,  motor-driven  switches,  relays,  hydraulic 
pump  motors,  wire  distribution,  connectors,  disconnects,  and  distribution 
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buses.  Miscellaneous  electrical  equipment  includes  such  items  as 
umbilical  connectors*  diodes,  resistors,  timers,  terminal  boards,  and 
wiring.  The  e  metrical  system  is  monitored  and  verified  for  operational 
readiness  before  launch  by  the  LCS. 

During  a  controlled  flight,  electrical  power  is  supplied  by  the  APS 
battery  and  the  VHPS  battery  located  in  the  guidance  bay  of  Stage  II.  The 
APS  battery  is  activated  by  the  LCS  during  launch  countdown  and  supplies 
iB-Vdc  power  to  missile  equipment  during  launch  and  flight.  The  VHPS 
bAttery  is  also  activated  by  the  LCS  during  launch  countdown  and  supplies 
28-Vdc  power  to  Stage  II  hydraulic  pump  motor,  relays,  and  motor-driven 
switches.  Power  from  the  VHPS  battery  is  routed  through  the  VHPS  power 
switch,  which  is  closed  by  a  signal  from  the  Signal  II  engine  shutdown 
control  relay.  Fig.  C5-11  displays  the  sequence  of  basic  functions  of  the 
missile  electrical  system  during  launch  countdown  and  flight. 

C6.2.10  Explosive  Components 

Explosive  components  are  devices  used  within  the  missile  to  produce 
thrust,  supply  ignition,  permit  missile  staging,  and  activate  components. 
Explosive  components  include  gas  pressure  generators,  vernier  rocket 
motors,  pitch  rockets,  igniters,  and  initiators.  Gas  pressure  generators 
are  used  to  open  Stage  I  and  Stage  II  propellant  storage  valves,  release 
staging  nuts,  and  terminate  vernier  rocket  thrust.  Two  solid-propellant 
vernier  rocket  motors  are  mounted  inside  the  Stage  II  engine  compartment. 
The  pitch  rockets  are  two  solid-propellant  rockets  mounted  in  the 
between-tanks  area  of  Stage  II,  equidistant  from  one  another.  Pitch 
rocket  nozzles  are  protected  by  external  fairings  ejected  by  the  rocket 
blast  at  ignition.  Initiators  are  used  to  start  the  vernier  rocket  motors 
and  activate  engine  gas  pressure  generators.  Igniters  are  used  to  start 
pitch  rockets.  The  APS  and  VHPS  batteries  are  activated  by  squibs  sealed 
inside  the  battery  cases. 

An  ordnance  safety  switch  (OSS)  locks  out  all  electrical  signals  to 
explosive  components  except  signals  to  Stage  I  storage  valve  gas  pressure 
generators.  A  signal  from  the  LCS  closes  Che  OSS,  activating  the  missile 
batteries  and  Stage  II  storage  valve  cartridges,  and  closes  the  Stage  I 
engine  start  switch,  igniting  Stage  I  engine  gas  pressure  generators. 

Upon  receiving  a  signal  from  the  thrust  chamber  pressure  switches,  the 
launch  control  set  ignites  the  hold-down  nut  cartridges  to  release  the 
missile.  During  missile  flight,  explosive  components  receive  initiation 
signals  from  the  missile  guidance  computer. 

Another  explosive  component  on  the  missile  is  the  butterfly  valve  lock 
(BVL);  however,  unlike  the  other  explosive  components,  the  explosive 
charges  within  the  BVL  have  no  function  during  a  missile  launch.  The 
purpose  of  these  charges  is  to  prevent  unauthorized  entry  into  the  BVL  for 
the  purpose  of  enabling  an  unauthorized  launch. 
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Flight  Control  System 


The  flight  control  system  (Fig.  C6-11)  consists  of  the  Stage  I  rate  gyro 
package,  Stage  II  autopilot  system,  and  servo  actuators.  The  flight 
control  system  receives  guidance  steering  signals  from  the  missile 
guidance  set;  converts  them  into  stabilized  control  commands  which  are 
transmitted  to  the  appropriate  system.  Most  of  the  flight  control  system 
is  located  in  the  Stage  II  between-tanks  area;  It  contains  circuitry 
necessary  to  receive  pitch,  roll,  and  yaw  steeriivi  signals  from  the 
missile  guidance  set.  It  mixes  these  signals  with  signals  from  the  rate 
gyros,  and  transmit  the  resulting  signals  to  the  appropriate  servo 
actuators  to  control  missile  attitude  about  the  pitch,  roll  and  yaw  axes. 
In  addition,  the  autopilot  system  contains  the  Stage  II  rate  gyros  and  an 
inverter  for  supplying  power  to  the  magnetic  amplifier  and  rate  gyros. 

The  servo  actuators  convert  autopilot  control  signals  into  mechanical 
movement  for  positioning  of  the  Stage  I  and  Stage  II  rocKet  engines,  the 

roll  control  nozzle,  and  the  vernier  rocket  motors.  Each  actuator  is  a 

self-contained  position  servo  mechanical  piston  feedback  to  balance 
actuator  position.  During  Stage  I  flight,  the  guidance  signals  are  mixed 
with  the  Stage  I  and  Stage  II  rate  gyro  signals  and  transmitted  to  the 
Stage  I  engine  actuators.  A  gain-change-discrete  signal  is  also  sent  from 
the  missile  guidance  set  to  the  flight  control  system.  When  a  staging 
signal  is  received  from  a  thrust  chamber  pressure  switch,  the  Stage  I  rate 
gyro  signals  aie  disconnected  from  the  autopilot  circuitry.  During  Stage 
II  flight,  the  g\iidance  signals  are  mixed  with  the  Stage  II  rate  gyro 
signals  and  transmitted  to  the  Stage  il  engine  actuators.  During  vernier 
flight,  the  signal  flow  is  identical  to  Stage  II  flight. 

C 6 . 2 . 1 2  Mis sile  Guidance  S^ 

The  missile  guidance  set  (Fig.  C6-12)  is  located  in  the  between-tanks 

sections  of  Stage  II  and  consists  of  the  IMU  and  the  MGC.  The  IMU  is  a 

sensing  device  that  feeds  information  into  the  MGC.  The  MGC,  in  turn, 
uses  this  information  to  perform  guidance  and  discrete  functions. 

The  IMU  is  enclosed  in  a  pressurized  rigid  aluminum  structure  designed  to 
allow  passive  cooling  by  radiation  and  conduction.  It  consists  of  an 
inertial  reference  unit  and  inertial  measurement  unit  electronics.  The 
inertial  reference  unit  uses  a  four-girobal  assembly  to  support  a  rotating 
platform  stabilized  at  a  reference  attitude.  It  contains  the  gyros, 
accelerometers,  motors,  synchros,  and  resolvers  for  stabilizing  the 
platform  and  producing  signals  proportional  to  changes  in  missile  attitude 
and  velocity.  The  inertial  measurement  unit  electronics  contains  all  the 
power  supplies  and  electronics  for  the  stabilization  loops,  accelerometer 
loops,  gyro  torquing,  moding,  fault  isolation,  and  temperature  control. 

The  inertial  measurement  unit  electronics  is  composed  of  printed  circuit 
boards,  which  are  divided  by  function  to  simplify  maintenance. 

Three  accelerometers  and  three  stabilization  gyros  are  mounted  on  the 
platform  axis  so  that  their  input  axes  are  mutually  perpendicular.  The 
instrument  axes  are  identified  as  x,  y,  and  z.  When  the  platform  is 
erected,  the  z  axis  is  vertical  while  the  x  and  y  axes  are  in  the 
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horizontal  plane.  The  ;onstructLon  of  the  inner  gimbal  assures  that  the  z 
ins triixneiit  axis  and  inner  gimhal  axis  remain  parallel  at  all  times. 
However,  rotation  of  a  portion  of  the  inner  gimbal  about  its  axis  varies 
the  angular  relationship  of  the  x  and  y  axes  to  the  middle  and  outer  axes 
of  the  inertial  reference  unit.  The  inner  gimbal  is  mechanized  as  a 
two-part  asseinbiy,  the  z  |)l.itt'orm  .\ncl  the  x-y  platform.  During  operation, 
the  z  platform  is  prevented  trom  rotation  around  the  inner  gimbal  axis 
t.'Xcept  for  rotation  due  to  eartli  rate  and  gyro  drift.  A  synchronous 
imiLor,  mounted  on  the  z  plattiirm,  drives  the  x-y  pl.atiorm  around  the  imiic 
gimbal  axis  at  a  constant  rate  of  1/4  revolution  per  minute  with  respect 
to  the  z  platfo'‘.ii.  Platform  rotation  enables  separation  of  inertial 
instrument  error  from  external  influences. 

C6 . 3  MISSION  SCENARIO 

C6  ..  3 . 1  Missile  System 

The  LGM-25C  Weapon  System  consists  of  an  inertially  guided  liquid-fueled 
airborne  weapon  and  associated  ground  equipment  necessary  to  maintain  and 
launch  the  airborne  weapon.  The  weapon  system  is  capable  of  destroying 
enemy  targets  over  5000  nautical  mites  distant.  The  launch  complex  is 
designed  to  maintain  an  operational  readiness  condition  with  no  outside 
support  after  sustaining  an  attack  that  destroys  all  nonhardened 
facilities.  For  maximum  safety  and  effectiveness,  individual  launch 
complexes  are  separated  by  distance  of  seven  to  ten  nautical  miles.  All 
in-commission  missiles  are  maintained  in  a  constant  alert  condition  and 
may  be  counted  doki^i  individually  or  simultaneously.  Safety  rules  for  the 
LGM-25C  (Titan  Jt)  MK6  RV/MK53  Weapon  System  (U)  are  contained  in  AFR 
122-22. 

Squadron  maintenance  areas  provide  facilities  for  supply,  administration, 
operations,  and  maintenance  necessary  to  maintain  the  launch  complexes  in 
a  constant  state  of  readiness. 

Target  coefficients  and  IMU  coefficients  are  loaded  in  the  Missile 
Guidance  Set  (MGC)  memory  through  the  punched  tape  reader  in  the  MGACG. 

The  target  coefficients  are  based  on  particular  launch  complex  and  target 
location  characteristics  such  as  gravity  variations.  The  IMU  coefficients 
are  values  that  compensate  for  the  varying  characteristics  of  gyros  and 
accelerometers  within  the  unit.  These  coefficients,  either  established  at 
the  factory  or  obtained  during  the  calibrate  test,  together  with  the 
attitude  and  velocity  inputs  from  the  unit,  enable  the  MGC  to  perform 
Velocity-to-be-gained  steering  computations  in  the  later  portions  of 
flight  and  to  accomplish  the  roll  and  pitch  programs  during  booster 
flight.  The  resulting  steering  commands  are  dc  voltages.  The  direction 
and  amount  of  corrective  movement  which  the  missile  experiences  as  a 
result  of  these  commands  depend  polarity  and  magnitude  of  the  commands. 

The  MGC  goes  into  a  flight  program  as  soon  as  the  IGS  has  progressed  to 
the  inertial  mode  during  a  launch  sequence.  This  is  called  time  zero  and 
is  the  base  for  all  timed  functions  initiated  during  flight  by  the  MGC. 
Actual  lift-off  occurs  several  seconds  later.  As  the  missile  rises 
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vertically  during  Stage  I  flight,  the  MGC  issues  steering  signals  that 
roll  the  missile  until  the  missile  is  aligned  in  azimuth  with  the  aim 
point.  When  azimuth  alignment  has  been  accomplished,  the  missile  is 
pitched  toward  the  aim  point  by  steering  signals  from  the  MGC.  Also 
during  Stage  I  flight,  the  MGC  issues  two  discrete  signals.  Like  all 
other  discrete  signals  issued  during  Che  flight  program,  these  signals  are 
issued  only  after  the  successful  accomplishment  of  prior  programmed 
events.  The  first  signal  is  the  control-system-gain-change-discrete 
signal,  which  alters  the  gain  of  the  engine  actuator  control  circuitry. 
This  gain  change  is  necessa-y  because  aerodynamic  resistance  decreases  as 
altitude  is  gained.  The  second  signal  is  a  shutdown-and-stag ing- 
enable-discrete  signal  that  energizes  a  shutdown  and  staging  enable 
relay.  When  the  relay  Is  energized,  it  applies  23  Vdc  to  the  coil  if  the 
staging  control  relay.  The  staging  control  is  not  energi^^cd  until  a 
circuit  ground  is  provided.  When  either  of  the  Stage  I  engine  thrust 
chamber  pressures  drops  due  to  lack  of  propellant,  a  thrust  chamber 
pressure  switch  closes  and  completes  the  staging  control  relay  circuit  by 
providing  the  ground.  When  energized,  the  staging  control  relay  applies 
28  Vdc  to  the  Stage  I  staging  and  shutdown  switch,  which  initiates  Stage  I 
engine  shutdown,  stage  separation,  and  Stage  II  er^gine  start. 

Stage  II  engine  operation  begins  immediately  after  booster  shutdown. 

During  the  later  portion  of  Stage  II  flight  and  throughout  the  remainder 
of  powered  flight,  the  MGC  performs  velocity-to-be-gained  steering 
computations.  The  MGC  compares  the  actual  position  and  velocity  of  the 
missile  with  the  position  and  velocity  which  the  missile  would  have  in  a 
previously  calculated  trajectory.  On  the  basis  of  this  comparison,  the 
MGC  issues  pitch,  yaw,  and  roll  steering  commands  that  alter  the  attitude 
of  the  missile  and,  in  effect,  change  its  velocity  along  the  three 
mutually  perpendicular  computational  axes.  When  the  MGC  issues  a 
sustainer-engine-cutof f-discrete  signal.  Stage  II  flight  is  terminated  and 
vernier  flight  is  initiated.  During  this  phase  of  flight,  the  MGC 
continues  to  make  fine  adjustments  in  missile  velocity.  Vernier  flight  is 
then  terminated  by  a  vernier-cutoff-discrete  signal. 

Vernier  cutoff  is  the  beginning  of  ballistic  flight.  From  this  point,  the 
RV,  after  separation  from  Stage  II,  pursues  a  trajectory  that  will  land  it 
on  target.  Just  before  separation,  the  RV  receives  a  prearni-discrete 
signal  from  the  MGC,  which  permits  arming  of  the  warhead  at  the  proper 
time.  This  signal  is  followed  by  an  RV  release-discrete  signal  that 
separates  the  RV  from  Stage  II.  After  separation,  the  RV  falls  free  wh..ie 
the  remaining  Stage  II  section  is  sent  into  a  different  trajectory  to 
further  minimize  detection  of  the  RV.  This  is  accomplished  by  firing 
pitch  rockets.  Firing  of  these  rockets  is  accomplished  by  two 
computer-discrete  signals,  namely,  ignite-pitch-rocket-1  and 
ignit e-pitch-rocket- 2. 

C6.3.2  Re-Entry  Vehicle 

(For  classified  information  on  the  RV,  refer  to  the  IIN  series  Technical 
Orders . ) 
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C6 . .1 . 3  La^uncji  and  Alert  Operacions 

This  set:tion  consists  of  launch  and  alert  operations.  Launch  opcraiions 
include  procedures  for  launching  a  missile  and  returning  the  launch 
complex  to  a  hardened  condition.  Alert  operations  include  standard 
operating  procedures  necessary  for  normal  shift  operation.  iViiipliflcd 
checklists  are  provided  for  those  functions  that  must  be  performed  as  a 
demand- response  procedure.  Procedural  tables  are  provided  for  functions 
th.at  may  be  performed  without  direct  reference  to  the  respective 
procuMlure.  Where  appropr  i.ato ,  procedures  for  performing  some  routine 
functions  nave  been  provided  in  the  descriptive  par.igraphs  below. 

Launch  operations  include  EWO  or  peacetime  launch  procedures  and 
post-launch  shutdown  and  facility  hardening  procedures. 

The  Launch  checklist  covers  operations  based  on  receipt  of  a  valid 
execution  message  from  JCS,  which  executes  the  missile.  After  the  message 
has  been  received,  acknowledged,  and  processed,  the  operate  code  word  is 
entered  into  the  CSS  at  the  BVLC,  and  the  launch  sequence  is  initiated  and 
monitored  by  the  missile  combat  crew. 

The  Post-Launch  checklist  consists  of  actions  required  to  shut  down 
equipment  and  harden  the  launch  complex  facilities.  The  procedure, 
performed  as  soon  as  liftoff  is  verified,  involves  removal  of  operating 
power  and  closing  of  the  silo  closure  door  to  afford  maximujn  protection  to 
the  launch  crew.  Unit  disaster  control  directives  will  be  followed  for 
crew  survival  after  launch. 

Alert  operations  include:  daily  entry  and  shift  verifications,  crew 
changeover,  briefings,  launch  complex  surveillance,  missile  and  launch 
verifications,  and  most  other  operating  procedures  required  for  normal 
shift  operation. 

C6.3.^  Checklists 

Emergency  checklists  are  the  actions  that  must  be  performed  to  ensure 
safety  of  personnel,  prevent  damage  to  equipment,  and  ensure  launch 
capability.  These  checklists  are  designated  as  launch  emergency 
checklists  and  hazard  emergency  checklists. 

Emergency  checklists  are  listed  in  demand-response  format.  The  STEP 
columns  of  the  checklists  indicate  the  sequence  in  which  steps  are 
perforiiHui. 

Tlie  MCCC  from  the  LCCFC  directs  the  actions  of  the  DMCCC,  B^^AT,  and  .MFT  in 
performing  emergency  checklists.  The  MCCC  performs  all  required  actions 
unless  otherwise  specified  in  the  checklists.  The  MCCC  dispatches 
personnel  to  other  parts  of  the  launch  complex,  as  required,  to  perform 
corrective  actions  or  to  verify  or  estimate  hazard  conditions.  Personnel 
will  enter  hazardous  areas  only  at  the  direction  of  the  MCCC  and  will  be 
briefed  by  him  before  entering  such  areas. 
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Launch  emergency  checklists  are  the  actions  required  to  return  equipment 
CO  a  safe  condition,  and  provide  entry  into  malfunction  isolation  and 
maintenance  checklists.  Checklists  indicate  actions  for  determining 
whether  a  hold  exists,  reporting  the  malfunction  to  the  command  post,  and 
entering  into  mal f iin(?t  lo»i  isolation.  Holds  are  conditions  that  stop  tin.* 
launch  sequence  alter  operate  power  is  on  (CMC-1)  and  het'ore  the  ABORl'  or 
1. 1  l■'T- Oi'l*’  indicators  light.  Normal  hold.s  are  indicated  l)y  red  i  ml  i  <'a  tors 
located  in  the  launch  ciontrol  and  monitor  bioi'k  ol  tin*  l.ddl-C. 

When  a  hold  condition  is  indicated  during  a  launch  countdown,  the  MCCC 
immediately  refers  to  the  Launch  Sequence  Hold  checklist.  If  any 
indicators  necessary  for  malfunction  analysis  fail  to  light  during  lamp 
test,  replace  the  bad  indicator  prior  to  shutdown. 

When  an  ABORT  occurs,  the  MCCC  immediately  refers  to  the  Launch  Sequence 
Abort  checklist. 

Hazard  emergency  checklists  are  the  actions  required  to  eliminate 
hazardous  or  possible  launch  degradation  conditions  within  the  weapon 
system.  The  checklists  permit  the  missile  combat  crew  to  monitor  and 
control  the  hazard  until  support  base  personnel  arrive.  Hazard  emergency 
checklists  are  classified  in  three  categories:  propellant  vapor  hazards, 
fire  hazards,  and  miscellaneous  hazards. 
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DIMENSION 


Stage  I  length 

67  feet 

Stage  II  length 

29  feet 

Re-entry  vehicle  length 
(including  spacer) 

14  feet 

Stage  I  diameter 

10  feet 

Stage  11  diameter 

10  feet 

Re-entry  vehicle  diameter  1 

(at  missile  interface) 

8-1/3  feet 

Stage  I  weight  (less  propellants) 

9522  pounds 

Stage  I  weight  (with  propellants) 

267,300  pounds 

Stage  II  weight(lfcss  propellants) 

t 

5073  pounds 

Stage  II  welghc(wich  propellants) 

62,700  pounds 

Stage  I  engine  thrust 

430,000  pounds 
(sea  level) 

I 

Stage  II  engine  thrust 

100,000  pounds 
(250,000  feet) 

'^ernier  thrust  (silo) 

950  pounds 

m 


Figure  Cb-2  Missile  Characteristics 
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Figure  C6-5  Missile  Airframe,  Stage  I  and  Stage  II 
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Figure  C6-6  Stage  I  Rocket  Engine 
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Figure  C6-8  Airborne  Propellant  System 
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Figure  C6-10  Airborne  Hydraulic  System  Functional  Diagram  ; 
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C7.0  INTRODUCTION 

The  following  data  were  extracted  from  the  Annotated  Bibliography 
Document,  Ref  242. 

C 7 . 1  GENERAL  DESCRIPTION 

The  Scout  vehicle  is  a  solid-fuel  four-stage  guided  rocket  capable  of 
boosting  orbital,  probe,  or  re-entry  space  research  payloads  of  varying 
sizes.  Vehicle  equipment  includes  an  ignition  system,  an  automatic  and 
command  destruct  system,  a  preprogrammed  guidance  and  attitude  control 
system,  a  telemetry  system,  a  payload  separation  system,  and  a  tracking 
system.  Standardized  design  and  component  interchangeability  permit  a 
variety  of  vehicle  stage  configurations  to  meet  a  broad  range  of  mission 
requirements.  At  liftoff,  the  vehicle  weighs  approximately  45,000  lb  and 
is  approximately  73  feet  long. 

The  four-stage  vehicle  as  shown  in  Figure  C7-1,  consists  of  a  finned  Base 
A  assembly  at  the  aft  end,  four  rocket  motors,  three  transition  sections 
connected  alternately  in  tandem,  and  a  payload  separation  assembly  at  the 
forward  end.  Each  section  is  divided  into  upper  and  lower  parts  at  the 
aft  end  of  the  adjacent  motor  nozzle,  and  the  dividing  planes  between 
these  parts  are  the  separation  planes  for  each  vehicle  stage.  Frangible 
diaphragms,  which  are  ruptured  by  motor  blast  to  provide  stage  separation 
at  ignition,  join  Stages  1  and  2  and  Stages  2  ^nd  3.  Stages  3  and  4  and 
Stage  4  and  the  payload  separator  are  joined  by  clamps  secured  with 
explosive  bolts  that  separate  when  the  bolts  are  ignited. 

The  vehicle  first  stage  consists  of  a  Base  A,  a  first  stage  motor,  and 
lower  B  section.  The  second  stage  consists  of  an  upper  B  section,  a 
second-stage  motor,  and  a  lower  C  section.  The  third  stage  includes  an 
upper  C  section,  a  third-stage  motor,  and  lower  D  section.  The  fourth 
stage  consists  of  an  upper  D  .section,  a  fourth-stage  motor,  and  a  payload 
separation  system  consisting  of  a  payload  adapter  and  a  fourth-stage 
module.  Systems  equipment  is  installed  in  the  transition  sections  and 
Base  A.  An  ejec^able  fiberglass  heatshield  equipped  with  a  steel  nose  cap 
is  attached  to  the  forward  end  of  lower  D  payload  separator  and  the 
payload.  Fiberglass  tunnel  covers  attached  to  the  exterior  of  the  vehicle 
cover  the  connecting  wiring  between  stages  and  the  externally  mounted 
destruct  system  components. 

For  specific  missions,  such  as  highly  elliptical  or  solar  orbits,  a 
standard  fifth  stage  is  available  and  consists  of  an  F  transition  section, 
a  fifth-stage  motor,  and  a  payload  adapter.  A  fourth-  and  fifth-stage 
attitude  correction  system  (ACS)  is  also  available  for  improved  accuracy 
and  performance. 
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C7.2  SYSTEM  DESCRIPTIONS.  HAZARDOUS  MAfERIALS.  SCHEMATICS 
C7.2.1  Ignition  System 


First'Stage  ignition  is  obtained  from  an  external  power  supply  upon 
command  from  a  launch  sequencer.  Except  for  electro-explosive  devices 
(EEOs)  in  the  payload  separator,  initiation  of  :11  EEDs  in  the  first  four 
stages  of  the  Scout  vehicle  is  accomplished  by  programmed  commands  from 
the  guidance  system  timer.  Two  30  volt  batteries  provide  ignition  power 
to  the  dual  (redundant)  ignition  systems.  These  batteries  are  dry-charged 
silver  zinc  remotely  activated  units. 

C7.2.2  Destruct  System 

A.  command  destruct  system  provides  thrust  termination.  Two  linear-shaped 
charges  are  mounted  longitudinally  along  each  of  the  first  three-stage 
motors  (Algol,  Castor,  and  Antares)  to  provide  thru.st  termination  by  case 
rupture  upon  initiation  of  destruct  action.  Ignition  circuits  for  the 
fourth  stage  are  also  interrupted  by  the  detonation  of  the  third-stage 
linear-shaped  charges. 

An  autodestruct  system  is  initiated  by  premature  separation.  Destruct 
action  occurs  automatically  on  the  first  and  second  stages  in  the  event  of 
premature  separation  of  the  first  and  second  or  second  and  third  stages. 
Stage  separation  is  sensed  by  switches  located  in  first-  and  second-stage 
wiring  tunnels.  These  switches  operate  when  the  lanyards  routed  across 
the  separation  planes  are  pulled  at  separation.  If  separation  occurs 
prior  to  motor  ignition  or  during  burning,  a  headcap  pressure  switch  in 
series  with  the  lanyard-operated  switc  ^s  allows  destruct  to  occur  through 
closed  contacts.  During  normal  operation,  the  contacts  of  the  pressure 
switch  open  as  the  motor  pressure  decays  so  that  destruct  will  not  occur 
at  stage  separation. 

The  linear-shaped  charges  and  safe-arm  units  used  in  the  autodestruct 
system  are  the  same  ones  used  in  the  command  destruct  system.  Power  for 
these  EEDs  is  provided  by  separate  batteries  located  in  first-  and 
second-stage  wiring  tunnels. 

C 7 . 2 . 3  Reaction  Control  System 

Hydrogen  peroxide  (90X  concentration)  is  the  propellant  used  in  the 
second-  and  third-stage  reaction  control  systems  (Fig.  C7-2  and  Fig. 

C7-3).  Each  system  is  separate  and  independent.  The  H2O2  is  forced 
through  motor  chambers  and  silver  screens,  which  cause  it  to  decompose 
into  superheated  steam  and  oxygen.  The  hot  gases  expand  through  a 
Venturi-type  nozzle,  producing  reaction  forces  that  are  used  to  control 
the  vehicle  around  its  three  major  axes. 

Four  40-pound  roll  motors,  two  500-pound  pitch  motors,  and  two  500-pound 
yaw  motors  are  used  in  B  Section.  Four  14/3-pound  roll  motors,  two 
2-pound  pitch  motors,  two  48-pound  pitch  motors,  and  two  48-pound  yaw 
motors  are  used  in  C  Section.  The  48-pound  pitch  and  yaw  motors  are  also 
used  as  retro  motors  to  aid  separation  of  the  third  and  fourth  stages  at 
the  proper  times. 
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If  the  third  stage  utilizes  the  Antares  IIB  motor,  all  A8-pound  motors  are 
replaced  by  60-pcund  motors. 

Flow  of  R2O2  through  the  B  and  C  section  control  motors  Is  controlled 
by  on-off  solenoid  valves,  one  valve  being  used  for  each  motor.  These 
valves  fire  the  control  motors  in  response  to  the  guidance  system  error 
signals  to  keep  the  vehicle  within  predetermined  deadbands  around  its 
three  major  axes. 

During  flight,  the  H2O2  system  operates  at  a  pressure  of  about  530 
psi.  This  pressure  is  provided  by  gaseous  N2  stored  onboard  in  tanks  at 
3000  psi.  A  combination  on-off  vent  regulator  valve  reduces  the  N2 
pressure  to  the  operating  range  required  and  provides  a  means  of 
controlling  the  pressurization  and  venting  of  the  system.  Note  that  this 
valve  allows  venting  of  the  low-pressure  N2  system  only  and  does  not 
vent  H2O2.  The  [I2O2  system  in  each  transition  section  has  a 
relief  valve  to  protect  the  system  in  the  event  of  overpressurization. 

The  B  section  valve  relieves  at  approximately  700  psi  and  the  C  section 
valve  at  approximately  600  psi. 

The  reaction  control  system  leak  tests  on  B  and  C  sections  are  performed 
in  the  Ordnance  Assembly  Building  (OAB)  during  second-  and  third-stage 
buildup  before  these  stages  are  placed  on  the  transporter.  Both  the 
nitrogen  (N2)  and  hydrogen  peroxide  (H2O2)  systems  are  pressurized 
for  these  tests  with  N2.  No  H2O2  is  used  in  the  OAB. 

The  nitrogen  system  tubing  is  tested  at  the  factory  to  the  following 
pressures: 


Working  Press., 

Proof  Press., 

Burst  Press., 

Reference 

psi 

psi 

psi 

LTV  Drawing 

3000 

A500 

7500 

23-000321 

The  volumes  and  working  pressures  for  the  steel  tanks  used  to  store  N2 
at  a  pressure  of  3000  psi  in  B  and  C  sections  are  shown  below: 


Section 

Tanks 

Working  Press., 

Proof  Press., 

Burst  Press., 

Vol  per  Tank 

per  Sect 

psi 

psi 

psi 

in.  3 

B 

2 

3000 

5000 

6667 

386 

C 

2 

3000 

5000 

6667 

68 
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The  Hydrogen  Peroxide  System  tubing  is  tested  at  the  factory  to  the 
following  pressures: 


Working  Pressure, 

Proof  Pressure, 

Burst  Pressure, 

Reference 

psi 

psi 

psi 

LTV  Drawing 

550 

825 

1375 

23-000321 

The  aluminum  tanks  used  to  store  H2^2  ^  ^  sections  contain  a 

silastic  bladder  to  separate  the  N2  and  H2O2  and  to  pro^'ide  a  means 
for  expelling  the  H2O2  from  the  tank.  The  volumes  and  working 
pressures  for  these  tanks  are  shown  below: 


Section 

Tanks 

Working  Press., 

Proof  Press., 

Burst  Press., 

Vol  per  Tank 

per  Sect 

psi 

psi 

psi 

in.  3 

B 

10 

550 

825 

1375 

18.2 

C 

2 

500 

750 

1250 

9.1 

(17.2.U  Hydraulic  Control  System 

The  hydraulic  control  system  consists  of  pump,  valves,  tubing,  reservoir, 
and  a  servo  act'uator. 

The  hydraulic  pump  delivers  2-gpro  hydraulic  flow  at  3000  psi  and  can  be 
electrically  driven  from  an  internal  or  external  2S-Volt  dc  source. 

The  high-pressure  relief  valve  will  actuate  at  36S0-p8i  maximum  and  reseat 
at  33SO-psi  minimum. 

The  low-pressure  relief  valve  is  rated  to  provide  a  flow  of  2  gpm  at  150 
psi  and  will  reseat  at  100  psi. 

The  reservoir  has  a  volume  of  50  in.^  and  fill  level  of  40  in.^  for 
the  hydraulic  fluid  at  3000-p8i  rated  pressure.  The  extra  10  in.^ 
provides  allowance  for  thermal  expansion. 

The  servo  actuators  drive  the  control  surface  torque  tubes. 

Six  external  bleed  fittings  are  located  in  the  high  points  of  the  plumbing 
to  allow  purging  the  system  of  air. 
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The  test  pressures  for  the  lines  used  in  the  hydraulic  system  are  shown 
bexow: 


Material 
&  Spec 

Tubing  O.D. 

&  Wall,  in. 

Work  Press . , 
p3i 

Proof  Press., 
psi 

Burst  Press, 
psi 

,  Ref  Spec 
LTV 

Corrosion 

1/4  x  0.028 

3000 

6000 

12000 

308-12-5 

Resistant 

Steel  Type  3/8  x  0.035 

3000 

6000 

12000 

308-12-5 

304  Seamless 

First-stage  control  is  attained  through  the  use  of  the  hydraulic 
servo-actuator  assemblies,  which  position  aerodynamic  and  jet-vane  control 
surfaces  as  directed  by  guidance  signals  from  the  poppet  valve  electronics 
package.  These  signals  are  first  amplified  and  modulated;  then  the 
outputs  from  the  servo  amplifier-modulators  energize  the  servo-actuators 
installed  in  each  of  the  four  fins.  Each  servo-actuator  displaces  a  set 
of  control  surfaces  consisting  of  a  movable  tip  located  at  the  outer  end 
of  the  fixed  fin  and  a  jet  vane  immersed  in  the  exhaust  of  the  Algol 
motor.  Two  servo-actuators  located  in  the  pitch  plane  are  combined 
electrically  for  synchronized  operation  and  respond  to  pitch  error  signals 
only.  The  two  remaining  actuators  in  the  yaw  plane  respond  to  both  the 
roll  and  yaw  error  signals. 

C7.2.5  Payload  Separation  System 

A  standard  payload  separation  assembly  is  provided  with  the  Scout  vehicle 
to  separate  the  payload  from  the  burned-out  fourth  stage.  At  fourth-stage 
separation,  microswitches  mounted  on  the  fourth  stage  start  timers  on  the 
fourth-stage  module.  After  a  nominal  time  period  of  five  minutes,  the 
timers  fire  explosive  nuts  on  the  payload  adapter  which  release  the  Marman 
band  retaining  the  payload.  Six  springs  then  eject  the  payload  with  a 
velocity  of  about  three  feet  per  second  (for  a  150-lb  payload). 

C7.2.6  Attitude  Control  System 

Under  certain  requirements  dictated  by  the  mission  of  the  vehicle,  it  is 
sometimes  necessary  to  correct  the  attitude  of  the  spinning  upper  stages 
of  Scout  through  a  pre-programmed  maneuver  after  fourth-stage  burn-out  and 
before  fifth-stage  ignition.  The  addition  of  the  Attitude  Correction 
System  (ACS)  in  the  fourth  stage  provides  this  capability.  It  is  a 
self-contained  system  activated  by  a  single  relay  closure  from  the  Scout 
third-stage  guidance  system. 
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the  fourth-stage  attitude  correction  system  is  mounted  on  the  fourth-stage 
TM  ring  and  within  the  modified  "F"  transition  section.  The  ACS  consists 
of  a  sensor  assembly,  a  control  electronics  package,  and  a  reaction 
control  subsystem  (RCS).  Figure  C7-4  presents  a  block  diagram  of  the 
fourth  stage  ACS.  The  ACS  provides  pitch  and  yaw  attitude  information, 
control  forces  to  provide  reorientation  maneuver  and  attitude  hold 
capability,  the  necessary  signal  processing  circuitry  for  these  functions, 
and  telemetry  and  ground  readouts.  A  standard  Scout  fourth-stage  module 
(ring)  telemetry  system  is  used  for  vehicle  performance  and  is  modified  to 
transmit  critical  ACS  parameters.  Timing  for  the  ACS  functions  is 
provided  by  an  internal  ACS  timer  initiated  by  the  vehicle  third-stage 
guidance  intervalometer . 

Control  of  the  spinning  fourth  stage  and  fifth  stage  is  provided  by  a 
single  nitrogen  control  motor  nozzle.  The  nozzle  is  fired  at  the 
appropriate  roll  position  to  provide  both  pitch  and  yaw  control  forces. 
Switching  logic  for  firing  the  nozzle  at  the  correct  roll  position  is 
contained  within  the  ACS. 

The  nitrogen  supply  reservoir  for  the  ACS  is  a  toroidal  tank  that  stores 
300  cubic  inches  at  3600  psig.  It  is  mounted  just  forward  of  the 
telemetry  ring.  The  gaseous  nitrogen  is  routed  through  a  pressure 
regulator  to  the  nozzle. 

C7.2,7  Scout  Rocket  Motors 

Summary  data  for  the  Scout  Rocket  Motors  are  listed  below. 

1.  Algc’  lie  rocket  motor. 

2.  Algol  III  rocket  motor. 

3.  Castor  II  rocket  motor. 

4.  Antares  rocket  motor. 

5.  Altair  II-(X258)  rocket  motor. 

6.  ,  Altair  HI  rocket  motor, 

7.  Alcyone  rocket  motor. 

8.  MARC-4  Spin  rocket  motor. 

9.  IKS75  Spin  rocket  motor. 

The  following  definitions  will  be  used  in  the  following  discussions: 

1.  Bridge  -  a  high  resistance  wire  that  forms  the  heating  element  in  a 
sguib . 
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2.  Squib  -  an  electrically  initiated  device  that  contains  a 
pyrotechnic  charge. 

3.  Initiator  -  a  squib  that  is  used  to  ignite  an  igniter. 

U.  Igniter  -  a  device  that  heats  the  propellant  to  the  ignition 

temperature  and  near  operating  combustion  chamber  pressure. 

C7.2.7.1  ALGOL  IIC  Rocket  Motor  -  The  Algol  IIC  rocket  motor,  designated 
by  Aerojet-General  Corporati^.n  as  the  4SKS-100 ,000,  is  a  high-thrust, 
medium-duration  motor.  The  45KS-100,000  may  be  broken  dovm  as  follows: 

45  Duration  of  thrust,  in  seconds,  at  sea  level  at  70"? 

K  Oxidizer  and  fuel  code  symbol 

S  Solid  propellant  charge 

1000,000  Thrust,  in  lb,  at  sea  level  at  70*F 

The  rocket  motor's  major  components  are  a  chamber,  a  single  propellant 
grain,  a  fixed  nozzle,  and  an  igniter. 

The  chamber  consists  of  a  thin-walled  elongated  steel  cylinder  with 
semi-elliptic  forward  and  aft  closures.  An  igniter  boss  in  the  forward 
closure  is  provided  for  Installation  of  the  igniter.  The  aft  end  of  the 
chamber  is  r  hined  to  accept  a  light-weight  nozzle.  Welded  skirts, 
forward  and  aft,  have  24  holes  for  attaclunent  of  lifting  rings.  The 
skirts  also  serve  as  a  means  of  attaching  vehicle  transition  sections. 

The  propellant  charge  is  an  internal-burning,  case  bonded,  polyurethane 
propellant  grain  cast  in  a  four-point  star  core  configuration.  This  grain 
is  bonded  to  a  chamber  linear  that  is  bonded  to  the  chamber.  Propellant 
weight  is  21,165  pounds.  The  TNT  equi'^alent  weight  is  l,4b0  Ib  based  on 
7%  propellant  weight. 

The  nozzle,  which  has  a  machined  graphite/phenolic  thrust  insert,  is 
constructed  of  composite  materials  (steel-glass-epoxy).  It  is  40.01-in. 
long  and  has  an  exH'.  33.66-in.  diameter.  Thirty-six  equally  spaced  bolts 
secure  the  nozzle  to  the  aft  end  of  the  chamber. 

The  igniter  is  sealed  into  the  forward  closure  with  a  packing  and  secured 
with  a  snap-ring.  It  consists  of  an  adapter,  two  single  bridge-wire 
initiators,  a  basket,  an  initiator  charge,  a  booster  charge,  and  a  main 
body  charge.  Igniter  propellant  weight  is  5.3  lb. 
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The  igniter  electrical  specifications  are: 


1.  llridge  Wire  Resistance  1.05  ±  0.10  ohms 

2.  Bridge  Wire  Current  Requirements 

a.  Maximum  No  Fire  1.0  A  for  5  min. 

b.  Minimum  All  Fire  3.3  A 

c.  Recommend  fire  5.0  A 


Storage  data  for  the  Algol  IIC  motor  include: 


Temperatures 

a.  Motor  Storage  Range 

O 

• 

rr 

O 

90*F 

b.  Igniter  Storage  Range 

3C*F  to 

lOO-F 

c.  Initiator  Storage  Range 

65*F  to 

160*F 

d.  Propellant  Auto-Ignition 

A50*F 

e.  Igniter  Auto-Ignition 

995*F 

f .  Flame 

5A8*F 

Storage  Time  Limits 

a.  Motor 

5  yr 

b.  Igniter 

3  yr 

c.  Initiator 

i  yr 

C7.2.7.2  ALGOL  III  Rocket  Motor  -  The  Algol  III  rocket  motor  is  a 
high-thrust,  medium-duration  motor  built  by  United  Technology  Center. 

llie  rocket  motor's  major  components  are  a  chamber,  a  single  propellant 
grain,  a  fixed  nozzle,  and  an  igniter. 

The  chamber  r;onsists  of  a  chin-walled  elongated  steel  cylinder  with 
semi-elliptic  forward  and  aft  closures.  An  igniter  boss  in  the  forward 
closure  is  provided  for  installation  of  the  igniter.  The  aft  end  of  the 
chamber  is  machined  to  accept  a  light-weight  nozzle.  Welded  skirts, 
forward  and  aft,  have  24  holes  for  attachment  of  lifting  rings.  The 
skirts  also  serve  as  a  means  of  attaching  vehicle  transicion  sections. 

The  propellant  charge  is  an  internal-burning,  case  bonded, 
polybutadiene-acrylic  acid-acrylonitrile  terminated  propellant  grain. cast 
in  a  four-point  star  cure  configuration.  This  grain  is  bended  to  a 
chamber  linear  that  is  bonded  to  the  chamber.  Propellant  weight  is  17,986 
lb.  The  TNT  equivalent  weight  is  1,959  lb  based  on  7X  of  the  propellant 
weight. 

The  nozzle,  which  has  a  machined  graphite/phenolic  composite  insert  is 
constructed  with  a  steel  housing,  silica/phenolic  forward  insulator,  and 
compound  carbon/phenolic  and  silica/phenolic  exit  cone.  It  is  AO. 01 
inches  long  and  has  an  exit  33.66-inch  diameter.  Thirty-six  equally 
spaced  bolts  secure  the  nozzle  to  the  aft  end  of  the  chamber. 
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The  igniter  is  sealed  into  the  forward  closure  with  a  packing  and  secured 
with  a  snap-ring.  It  consists  of  two  single  bridge-wire  initiators,  an 
initiator  charge,  and  a  main  body  charge.  The  igniter  propellant  weight 
is  2.3  lb. 


The  Igniter  electrical  specifications  are: 


1. 

Bridge  Wire  Resistance 

1.05  +  0 

. 10  ohms 

2. 

Bridge  Wire  Current  Requirements 

A » 

Maximum  No  Fire 

l.U  A  for  5  min 

b. 

Minimum  All  Fire 

3.5  A 

c. 

Recommend  Fire 

5.0  A 

Storage  data  for  motor  include: 

1. 

Tern 

peratures 

30*F  to 

100*F 

a. 

Motor  Storage  Range 

30*F  to 

lOO'F 

b. 

Igniter  Storage  Range 

-65*F  to 

160*F 

c. 

Initiator  Storage  Range 

6a3*F  @ 

30s 

d. 

Propellant  Auto-Ignition 

577*F  @ 

30s 

e. 

Flame 

5575*F 

2. 

Storage  Time  Limits 

a. 

Motor 

3  yr 

b. 

Igniter 

3  yr 

c. 

Initiator 

5  yr 

C7.2.7.3  Castor  II  Rocket  Motor  -  The  Castor  I!  rocket  motor,  designated 
by  Thiokol  Chemical  Corporation  as  the  TS-35A-3,  is  a  solid  propelli’nt 
motor.  It  consists  of  a  motor  case  loaded  with  solid  propellant 
(essentially  a  pressure  chamber);  insulation  that  bonds  the  propellant  to 
the  case  and  protects  the  case  from  heat;  noczle  assembly  that  provides 
proper  restriction  and  subsequent  expansion  of  exhaust  gases;  and  a 
pyrogen  igniter  system. 

The  chamber  is  a  welded  assembly  consisting  of  a  forward  dome  section,  a 
cylindrical  section,  and  an  aft  closure  section.  Attachment  (thrust) 
flanges  welded  to  the  forward  dome  and  aft  closure  sections  are  used  for 
missile  assembly.  At  the  extreme  forward  end  of  the  motor  case,  an 
opening  is  provided  for  insertion  of  the  pyrogen  igniter  system,  and  a 
bolt  flange  is  provided  at  the  aft  end  for  nozzle  attachmun.. 

The  propellant  is  polybutadiene  acrylic  acid,  ammonium  perchlorate,  and 
aluminum.  Its  grain  configuration  is  a  cylindrical  port  with  two  radiol 
slots.  This  grain  is  bonded  to  a  chamber  liner  that  is  bonded  to  the 
chamher.  Propellant  weight  is  8.217  lb.  TNT  equivalent  weight  is  575  lb 
based  on  7X  of  propellant  weight. 
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The  noxzlbt  a  convargant-diverganc  type,  is  mada  of  ataai  with  presaed-in 
graphite  inserts  to  form  the  ncssle  throat.  An  insuiation  material 
surrounding  the  graphite  insert  acts  as  a  heat  barrier  between  the 
graphite  insert  and  the  steel  body.  The  Joint  between  the  chamber  and 
nossle  is  sealed  by  a  gasket  end  TH>L2i  (ThlokoL)  sealing  compound.  The 
exit  cones  are  coated  with  an  ablative  material  commercially  named 
ROKIDE.  The  nozzle,  which  has  a  closure  that  may  be  removed  for 
inspection,  is  attached  to  the  chamber  by  32  bolts. 

The  igniter,  designated  TK-<(63-l,  contains  two  23-00.1793  initiators.  It 
is  a  small  rocket  motor  ignited  by  redundant  single  bridge  wire  initiators 
threaded  into  its  head  end.  When  ignited,  the  igniter,  by  means  of  i :s 
exhaust,  ignites  the  propellant  in  the  TX-3SA  motor.  Igniter  weight  is 
3.1  lb. 


The  igniter  electrical  characteristics  are: 


1. 

Bridge  Wire  Resistance 

1.05  ±  0.1  ohms 

2. 

Bridge  Wire  Current  Requirements 

a. 

Maximum  No  Fire 

1.0  A  for  5  min 

b. 

Minimum  Ail  Fire 

3.5  A 

c. 

Recommend  Fire 

5.0  A 

Storage  data  for  motor  include: 

1. 

Temperature.'' 

a. 

Motor  Storage  Range 

30*F  to  110*F 

b. 

Igniter  Storage  Range 

30*F  to  110*F 

c. 

Initiator  Storage  Range 

-65*F  to  160*F 

d. 

Propellant  Auto-Ignition 

325*F  @  60  min 

e. 

Igniter  Auto-Ignition 

300 ‘F 

f . 

Flame 

6000*F 

2. 

Storage  Time  Limits 

a. 

Motor 

5  yr 

b. 

Igniter 

5  yr 

c. 

Initiator 

5  yr 

C7.2. 

7.4 

Antares  Rocket  Motor  -  Tlie  Antares 

rocket  motor  is 

case-bonded,  composite  modified  double-base  solid  propellant  system.  It 
is  built  by  Hercules,  Inc  in  two  configurations,  the  259-B3  (Antares  IIA) 
and  259-64  (Antares  IIB).  Reinforced  plastic  and  aluminum  are  used  for 
all  major  inert  components:  chamber,  nozzle,  and  igniter. 

The  chamber  is  a  filament-wound,  glassf iber-reinforced  epoxy  resin 
structure  with  cvaloid  forward  and  aft  domes.  It  incorporates  integrally 
wound  forward  and  aft  adapters  of  high-strength  aluminum.  The  chamber  is 
30.11  in.  in  diameter  and  76.1-in.  long.  Nominal  wall  thickness  of  the 
chamber  cylinder  is  0.14  in.  Vehicle  attachment  to  the  chamber  is 
accomplished  with  aluminum  skirt  rings  attached  to  glass  fiber  skirts  at 
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the  t'.ylinder-to-dome  treneition  cn  both  ends  of  the  chamber.  The  forward 
skirt  ring  contains  24  equally  spaced  tapped  holes,  and  the  aft  skirt  ring 
contains  48  tapped  holes. 

Hie  chamber  Is  f I lament -wound  directly  over  a  destructible  pLaster  mandrel 
containing  a  forward  and  aft  insulator  of  asbestus-f 11  led  Buim-N  rubber. 
The  thickness  of  the  insulator  in  any  particular  region  is  proportional  to 
the  time  that  it  is  exposed  to  the  propellant  gases. 

The  propellanv  is  a  double-base,  nitrocellulose,  nitroglycerin  propellant 
with  a  single  perforated  four-slot  design  with  ova lo id-shaped  forward  and 
aft  ends  that  conform  to  the  chamber  contour.  It  is  cast  into  and  bonded 
directly  to  the  chamber  and  insulators.  Propellant  weight  is  2,562  lb. 

TNT  equivalent  weight  is  2,570  lb  based  on  1001  of  propellant  weight. 

The  nossle,  a  molded  exit  cone,  has  a  graphite  cloth  phenolic  liner  on  Its 
inner  surface  and  an  asbestos-phenolic  liner  on  its  outer  surface.  It  is 
also  reinforced  on  the  outside  with  filament-wound  structure  similar  to 
that  used  in  the  chamber.  The  nossle  has  an  asbestos-phenolic,  nossle 
retainer  ring  with  an  integral  aluminum  attachment  ring  and  a  graphite 
(IIA)  or  graphite-phenolic  (IIB)  throat  insert  and  is  attached  to  the 
chamber  aft  adaptor  with  24  bolts. 

The  nossle  closure,  an  internal  plug  that  is  press-fitted  and  bonded  in 
place,  is  fabricated  from  high-density  styrofoam  (8  Ib/ft^ 
density-foamed  polystyrene). 

The  Antares  II  A  igniter  is  a  rocket  type  charged  with  DGV  propellant. 

Two  initiators  (Hercules  SD60E0)  are  used  in  ignite  a  25-grain  B-fGN03 
pallet  initiating  charge.  Each  initiator  has  two  bridge  wires  and 
incorporates  a  22021-8-4S  connector.  Ignition  delay  time  is  1.7  +  0.2 
sf.conds.  Igniter  propellant  is  7.9  lb. 


The 

Antares  IIA  igniter  electrical  characteristics  are: 

1. 

Bridge  Wire  Resistance 

1.4  +  0.4  ohms 

2. 

Bridge  Wire  Current  Requirements 

a. 

Maximum  No  Fire 

1.0  A  for  5  mm 

b. 

Minimiun  All  Fire 

3.5  A 

c. 

Recommend  Fire 

8.5  +  3.5  A 

Storage  data  for  motor  Include: 

1. 

Temperatures 

a. 

Motor  Storage  Range 

40*F  to  lOO'F 

b. 

Igniter  Storage  Range 

40*F  to  lOO'F 

c . 

Initiator  Storage  Range 

30*F  to  lOO’F 

d. 

Propellant  Auto-Ignition 

392*F  «  12.7  mm 

e. 

Igniter  Auto-Ignition 

350*F  @  7.7  mm 

f . 

Flame 

6384*F 
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2. 


Storage  Time  Limits 


a. 

Motor 

7  yr 

b. 

Igniter  (Antares  IIA) 

36  mo 

c . 

Initiator 

5  yr 

Changes  that  have  been  incorporated  into  the  Antarea  IIB  igniter  include 
the  following:  DDP-80  propellant,  two  single  bridge-wire  Apollo  standard 
initiators  (SBASI)  that  do  not  incorporate  a  delay  function.  l2-graffl 
CICNO3  pellet  charge,  and  reduction  of  weight  by  approximately  60X. 

Igniter  propellant  weight  la  2.0  lb.  Bridge  wire  resistance  is  1.05  +0.1 
ohms,  and  igniter  storage  time  limit  is  5  years.  Initiator  storage  time 
limit  is  7  years. 

C7.2.7.5  Altalr  II  (X2S8)  Rocket  Motor  -  The  Altair  rocket  motor 
(manufactured  by  Hercules,  Inc)  is  a  composite-modified  double-base  solid 
propellant  system.  Reinforced  plastic  and  aluminum  are  used  for  all  major 
inert  components;  these  components  are  a  chamber,  a  nossle,  and  an  igniter. 

The  chamber  is  a  filament -wound  glass  fiber-reinforced  epoxy  resin 
structure  with  ovalold  forward  and  aft  domes.  It  incorporates  integrally 
wound  forward  and  aft  adapters  of  high-strength  aluminum.  The  cha.mber  is 
18. OA  in.  in  diameter  and  42.82-ln.  long.  Nominal  wall  thickness  of  the 
chamber  cylinder  Is  0.085  in.  Vehicle  attachment  to  the  chamber  is 
accomplished  with  aluminum  skirt  rings  attached  to  glass  fiber  skirts  at 
the  cylinder-to-dome  transition  on  both  ends  of  the  chamber.  The  forward 
and  aft  skirts  rings  contain  2U  equally  spaced  tapped  holes. 

The  chamber  is  t i lament-wound  directly  over  a  destructible  plaster  mandrel 
containing  a  forward  and  aft  insulator  of  asbestos-f illed  Buna-N  rubber. 

The  thickness  of  the  insulator  in  any  particular  region  is  proportional  to 
the  time  that  it  is  exposed  to  the  propellant  gases. 

The  propellant  is  double-based  introcellulose  nitroglycerin  type  of 
single-perforated  design  with  four  major  slots  and  eight  additional  minor 
slots.  The  forward  and  aft  ends  are  ovaloid  to  conform  with  the  chamber 
interior  contour.  It  is  cast  into  and  bonded  directly  to  the  chamber  and 
insulator.  Propellant  weight  is  506  lb.  TNT  equivalent  weight  is  506  lb 
based  on  lOOX  of  propellant  weight. 

The  nozzle,  a  molded  exit  cone,  has  a  graphite  cloth  phenolic  liner  on  its 
inner  surface  and  an  asbestos-phenolic  liner  on  its  outer  surface.  It  is 
also  reinforced  on  the  outside  with  f i lament -wound  structure  similar  to 
that  used  in  the  chamber.  The  nozzle  has  an  asbestos-phenolic  retainer 
ring  with  an  integral  aluminum  attachment  ring  and  a  graphite  throat 
insert,  and  is  attached  to  the  chamber  aft  adapter  with  16  bolts. 

The  nozzle  closure  is  fabricated  from  hlgh-density  styrofoam  (8  ib/ft^ 
density  foamed  polystyrene).  It  is  an  internal  plug  bonded  to  the 
graphite  insert  and  asbestos-phenolic  retainer  ring  with  an  epoxy  adhesive. 
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Th«  Igniter  is  s  rocket-type  charged  with  DGV  propellant.  Two  initiators 
(SD60AI)  are  used  to  ignite  a  tengrain  B-KNO3  pellet  initiating  charge. 
Each  squib  has  two  bridge  wires  and  incorporates  a  PT06-P-8-^P  connector. 
Ignition  delay  time  is  6.35  -t  85  seconds.  Ignite  propellant  weight  is  2.1 
lb. 


The  igniter  electrical  characteristics  are: 


I. 

Bridge  Wire  Resistance 

l.k  ±  0. 

.4  ohms 

2. 

Bridge  Wire  Current  Requirements 

a. 

Maximum  No  Fire 

L.O  A  for  3  imti 

b. 

Minimum  All  Fire 

3.5  A 

L. 

Recommend  Fire 

8.5  i  3. 

5  A 

Storage  data  for  motor  include: 

1. 

Temperatures 

a. 

Motor  Storage  Range 

AO'F  to 

lOO’F 

b. 

Igniter  Storage  Range 

40‘F  to 

100*F 

c. 

Initiator  Storage  Range 

30*F  to 

100  “F 

d. 

Propellant  Auto-Ignition 

392*F  @ 

12.7  mm 

e. 

Igniter  Auto-Ignition 

350*F  @ 

7. 7  mm 

f . 

Flame 

638A*F 

2  • 

Storage  Time  Limits 

a. 

Motor 

7  yr 

b. 

Igniter  (Antares  IIA) 

86  mo 

c. 

Initiator 

5  yr 

C7.2.7.6  Altair  III  Rocket  Motor  -  The  Altair  III  rocket  motor, 
manufactured  by  United  Technology  Center  as  the  3A0032,  is  a  composite 
solid-propellant  motor.  It  consists  of  a  glass  fiber  epoxy  pressure 
vessel  (case),  a  nozzle,  and  an  igniter. 

The  chamber  is  a  filament -wound,  glass-fiber-reinforced  epoxy  resin 
structure  with  ovaloid  forward  and  aft  domes.  It  incorporates  integrally 
wound  forward  and  aft  adapters  of  high-strength  aluminum.  The  chamber  is 
19.66  in.  in  diameter  and  40.38-ln.  long.  Nominal  wall  thickness  of  the 
chamber  cylinder  s  0.080  in.  Vehicle  attachment  to  the  chamber  is 
accomplished  with  aluminum  skirt  rings  attached  to  glass  fiber  skirts  at 
the  cylinder-to-dome  transition  on  both  ends  of  the  chamber.  The  forward 
and  aft  skirt  rings  contain  2^  equally  spaced  tapped  holes. 

The  propellant  (UTP-3096A)  is  a  composite  PBAN-Ainmonium 

Perchlorate-Aluminum  type.  It  is  cast  in  a  transversely  slotted  circular 
port  design.  Propellant  weight  ir  610  lb.  TNT  equivalent  weight  is  A6  lb 
based  on  7t  of  propellant  weight. 
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The  nozzle  has  a  cofflpression-molded  exit  cone  covered  with  0.01-in. -thick 
stainless  steel  for  reinforcement  and  a  graphite  throat  insert.  It  is 
attached  to  the  aft  motor  adapter  by  an  integral  aluminum  attach  ring. 

The  igniter  is  a  rocket  type  initiated  by  the  two  SD60A1  Initiators  with  a 
6.35  ±  0.85-sec  pyrotechnic  delay  train.  These  initiators  fire  into  a 
B-KNO3  pellet  charge;  the  charge  then  ignites  the  UTP-1095  propellant, 
which  is  similar  to  the  propellant  used  in  the  motor.  Igniter  propellant 
weight  is  O.A  Ib. 

The  igniter  electrical  characteristics  are: 


1.  Bridge  Wire  Resistance 

2.  Bridge  Wire  Current  Requirements 

a.  Maximum  No  Fire 

b.  Minimum  All  Fire 

c.  Recommend  Fire 


1.^  +  0.4  ohms 


1.0  A  for  min 

3.5  A 

8.5  +  3.5  A 


Storage  data  for  motor  include: 


1.  Temperatures 

a.  Motor  Storage  Range 

b.  Igniter  Storage  Range 

c.  Initiator  Storage  Range 

d.  Propellant  Auto-Ignition 

e.  Igniter  Auto-Ignition 

f .  Flame 


30*F  to  110*F 
30-F  to  110*F 
30‘F  to  lOO'F 
635*F  @  30s 
or  775‘F  @  lOs 
657«F  @  10s 
5400*F 


2.  Storage  Time  Limits 

a.  Motor  3  yr 

b.  Igniter  I  yr 

c.  Initiator  5  yr 


C7.2.7.7  Alcyone  (BE-3-A9)  Rocket  Motor  -  The  Alcyone  rocket  motor  was 
designed  and  developed  by  Hercules  Incorporated,  Bacchus  Works,  Magna, 
Utah.  The  BE-3-A9  Rocket  Motor  is  a  composite  modified  double-base  solid 
propellant  system  capable  of  vacuum  ignition  and  operation  and  will 
operate  while  being  spun  on  its  longitudinal  axis  at  speeds  up  to  600 
rpm.  The  motor  has  an  overall  length  (with  igniter)  of  33.84  inches  and  a 
total  weight  of  216.2  pounds. 


The  chamber  is  a  f i lament -wound  fiberglass  structure  with  a  cylindrical 
length  of  5.25  inches,  skirt  to  skirt  length  of  10.24  inches,  and  outside 
diameter  of  18.25  inches.  The  forward  and  aft  closures  are  ovaloid  shaped 
with  integrally  wound  aluminum  adapters  for  installation  of  the  igniter 
and  nozzle  asseniblles.  Vehicle  attachment  is  accomplished  through 
aluminum  skirt  rings  at  the  cylinder-to-closure  transition  at  both  ends  of 
the  chamber.  Each  skirt  ring  contains  24  equally  spaced  holes. 
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Th.-i  propeilanc  ^rain  conr igurocion  is  case  bonded,  six  slotted.  The 
"■ripellanc  asea  is  a  modified  double  base  designated  DDP-iO.  Propellant 
•ei^ht  is  191  Lb.  TNT  equivalent  weight  is  191  lb  based  on  lOOi  of 
oi'opeLlant  weiijht. 

ri'.e  'iozzle  is  conical  with  an  initial  expansion  ratio  of  IS.h  Lo  I  and  a 
half  angle.  A  molded  phenolic-silica  fabric  exit  cone  structure  is 
overwrapped  with  epoxy  fiberglass.  The  HLM-S5  graphite  throat  is  pinned 
with  phenolic-silica  fabric  pins  to  retain  the  throat  in  position  after 
burnout.  The  nozzle  is  attached  to  the  motor  by  16  steel  l/'-*-in. -diameter 
roll  pins.  The  exit  diameter  is  12.20  incnes.  The  length  is  18. OA  inches 
of  which  approximately  3.9  Inches  is  submerged  in  the  aft  end  of  the  motor 

The  igniter  is  sealed  into  the  forward  closure  with  a  packing  and  secured 
by  Igniter  shaft  nuts.  The  Igniter  is  an  assembly  containing  two  Apollo 
^tanaard  Initiators  (ASI),  an  initiating  charge,  a  pentaerytnritol 
lecranitrate  (PETN)  mild  detonation  fuse,  and  a  propellant  basket 
containing  boron  potassium  nitrate  pellets.  The  .ASI  assemblies  are 
located  external  to  the  motor  and  are  removable  for  shipping  and  storage. 
Zach  initiator  has  two  bridge  wires  and  incorporates  a  PT-C6E-S-AP 
.'or.nector.  The  igniter  does  not  have  a  built-in  deiay.  From  application 
■f  power  to  pressure  rise  is  normally  0.0035  seconds.  Igniter  propellant 
weignt  is  0.81  lb. 

The  igniter  electrical  characteristics  are: 


Bridge  Wire  Resistance 

1.05  +  0 

.10 

ohms 

Bridge  Wire  Current  Requirements 

a.  Maximum  No  Fire 

l.O  A  for  5 

min 

b.  Minimum  All  Fire 

3.5  A 

c.  Recommend  Fire 

3.0  A 

1  data  for  motor  include: 

Temperatures 

a.  Motor  Storage  Range 

30*F  to 

110 

•  F 

b.  Igniter  Storage  Range 

AO'F  to 

100 

•>F 

c.  Initiator  Storage  Range 

25»F  to 

105 

•F 

d.  Propellant  Auto-Ignition 

390'’F 

e.  Igniter  Auto-Ignition 

400 ‘F 

f .  Flame 

6562"F 

Storage  Time  Limits 

a.  Motor 

8  vr 

b.  Igniter 

3  yr 

c.  Initiator 

5  yr 
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C7.2.7.8  MARC-^  Spin  Rocket  Motor  -  The  MARC-4  spin  rocket  motor, 
manufactured  by  Atlantic  Research  Corporation,  is  a  miniaturized 
high-precision  control  rocket.  Two  types  (IKS40  and  0.6KS40)  are  used  on 
Sdout , 

The  motor  case  and  nozzle  are  an  integral  unit  machined  from  lightweight, 
high-quality  steel;  case  thickness  in  the  cylindrical  section  is  0.04  in. 

A  graphite  insert  prevents  excessive  erosion  of  the  nozzle  throat  during 
burning.  Overall  length  of  the  motor  case  and  nozzle  is  approximately  5 
in.,  and  the  diimeter  of  the  cylindrical  section  is  approximately  1.5  in. 

A  silicone  rubber  nozzle  plug  is  press-fitted  into  the  nozzle  and  retained 
at  the  throat  diameter.  Its  function  is  to  keep  foreign  material  from 
entering  the  interior  of  the  motor. 

The  propellant  is  high-performance  Arcite  362M.  Its  form  is  an 
inside-outside  burning  cylinder  bonded  to  the  head  of  the  motors.  Weights 
for  the  1US40  and  0.5US40  are  0.21  lb  and  0.12  lb,  respectively. 

The  igniter  (U.S.  Flare  302SC)  is  mounted  in  the  head-end  of  the  motor 
case.  It  consists  of  two  U.S.  Flare  90SA  squibs  that  detonate  a  main 
charge  of  1.4  g  of  B-iCN03  pellets  when  initiated.  Each  908A  squib  has 
an  external  case  of  aluminum,  two  lead  wires,  and  a  single  2.5-mil 
Ni-Chrome  bridge-wire.  The  lead  wires  are  shielded  and  sleeved  with  a 
mylar  outer  jacket  that  terminates  in  a  PT06P-8-4P  connector. 

The  igniter  electrical  characteristics  are; 


1. 

Bridge  Wire  Resistance 

0.78  +  0.12  ohms 

2. 

Bridge  Wire  Current  Requirements 

a.  Maximum  No  Fire 

b.  Minimum  All  Fire 

c.  Recommend  Fire 

0.7  A  for  15  s 
1.2  A 

3.0  A 

Stora^re  data  for  motor  include: 

1. 

Temperatures 

a.  Motor  Storage  Range 

b.  Propellant  Auto-Ignition 

c .  Flame 

10*F  to  120*F 
350*F  for  8  hrs 
4263’F 

2. 

Storage  Time  Limits 

5  yr 

The  above  data  apply  to  both  the  1US40  and  the  0.6US40  except  that  the 
Bridge  Wire  Resistance  is  0.79  +  0.14  ohms  for  the  0.6US40. 

C7.2.7.9  1KS75  Spin  Rocket  Motor  -  The  1KS75  spin  rocket  motor, 

manufactured  by  Atlantic  Research  Corporation,  is  a  miniaturized 
high-precision  control  rocket.  Its  major  components  are  a  steel  motor 
case  with  integral  nozzle,  nozzle  plug;  a  slotted,  inhibited  solid 
propellant  grain;  and  an  igniter  assembly. 
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The  motor  case  and  nozzle  are  an  integral  unit  machined  from  H-Il  or  06A 
steel.  Case  thickness  in  the  cylindrical  section  ranges  from  0.028  in.  to 
0.030  in.  A  graphite  insert  prevents  excessive  erosion  of  the  nozzle 
throat  during  burning.  Overall  length  of  the  motor  case  and  nozzle  is 
approximately  5  in.,  and  the  diameter  of  the  cylindrical  section  is 
approximately  1.5  in.  A  silicone  rubber  nozzle  plug  is  press-fitted  into 
the  nozzle  and  retained  at  the  throat  diameter.  Its  function  is  to  keep 
foteign  material  from  entering  the  interior  of  the  motor. 

The  propellant  (Arcite  428B)  is  an  extruded  composite  type  shaped  in 
tubular  form.  It  has  a  single  longitudinal  keyhole  slot  along  the  full 
length  of  the  grain  to  provide  required  performance  characteristics.  The 
outside  diameter  and  a  portion  of  one  end  of  the  grain  is  inhibited  with 
gum  rubber  stock.  A  rubber  insulator  embedded  in  the  inhibitor  at  the 
slot  area  provides  insulation,  and  a  cellular  rubber  bumper  bonded  to  one 
end  of  the  grain  keeps  it  under  compression  within  the  operational 
temperature  range  of  the  assembly.  Weight  is  0.31  lb. 

The  igniter  (U.S.  Flare  501B)  is  permanently  installed  as  the  forward 
closuve  of  the  motor.  Two  parallel-wired  squibs  (U.S.  Flare  908B)  are 
used  to  Ignite  approximately  0.5  g  of  B-KNO3  pellets.  The  igniter  cable 
is  shielded  four-wire  22-gage  copper  and  is  Teflon  insulated  and  jacketed. 

The  igniter  electrical  characteristics  are: 


1. 

Bridge  Wire  Resistance 

0.83  +  0.17  ohms 

2. 

Bridge  Wire  Current  Requirements 

a.  Maximum  No  Fire 

b.  Minimum  All  Fire 

c.  Recommend  Fire 

0.7  A  fot  15  s 
1.2  A 

3.0  A 

Storage  data  for  motor  include: 

1. 

Temperatures 

a.  Storage  Range 

b.  Auto-Ignition 

c .  Flame 

lO’F  to  120*F 
300*F  @  2  hrs 
5627*F 

2. 

Storage  Time  Limit 

5  yr 

C7.2.8 

Scout  Explosive  Devices 

The  explosive  devices  used  on  Scout  consist  of  shaped  charges,  safe-arm 
units,  and  various  electro-explosive  devices  (EEDs).  A  brief  description 
of  these  explosive  devices  and  their  functions  is  presented  here. 

The  shaped  charges,  which  are  manufactured  by  the  Vought  System  Division, 
a  division  of  LTV  Aerospace  Corporation,  contain  180  grains  of  RDX 
(cyclotrimethylene-trinitramine)  per  inch.  They  are  formed  by  loading  the 
RDX  into  standard  3/8-in.  aluminum  hydraulic  tubing  of  the  required  length 
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and  then  rolling  the  tubing  to  form  a  60*  angle.  After  rolling,  which 
nearly  doubles  the  density  of  the  RDX,  retainer  caps  are  pressed  into  the 
ends  of  the  shaped  charges  to  obtain  the  desired  end  density  and  to  seal 
the  ends;  then  standard  hydraulic  nuts  and  sleeves  are  attached  to  the 
ends  of  the  shaped  charges  as  required. 

The  Thiokol  Model  2125,  electromechanical  safe-arm  unit  features  as  a 
safe-arm  mechanism,  an  explosive  firing  train  with  dual  electric  primers, 
and  explosives  capable  of  detonating  two  attached  shaped  charges.  The 
safe-arm  mechanism  can  be  safed  either  electrically  or  manually,  but  it 
can  only  be  arn.sd  electrically.  The  cross-firing  train  is  provided  by  a 
booster  assembly  of  RDX,  which  increases  the  reliability  of  the  unit. 

The  safe-arm  unit  is  installed  in  the  vehicle  with  the  indicator  flag 
fully  retracted  into  housing.  It  is  armed  by  removing  the  safety  pin  and 
then  stepping  the  rotor  to  the  arm  position  by  commanding  an  electrical 
nrm  signal  from  the  blockhouse.  After  arming,  the  safe-arm  unit  can  be 
fired  by  initiating  the  primers  with  an  electrical  signal.  The  ignition 
of  the  primers  results  in  the  ignition  of  the  explosive  detonators  and 
cross-firing  train;  the  detonators  then  ignite  the  booster  charges. 

Clectro-Explosive  Devices  (EEDs)  are  used  to  perform  various  functions 
during  flight.  They  are  electrically  initiated  and  include  power 
cartridges,  separation  cartridges,  ballistic  cartridges,  gas  generators, 
and  initiators.  Electrical  specifications  of  the  EED  primers  are  shown  in 
Table  C7-1. 
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Table  C7-1  Specifications  for  Scqut  Electro-Explosive  Device 


DEVICE 

APPLICATION 

MANUFACTURER 

L 

PART  NUMBER 

BRIDGE 

RESISTANCE 

INSULATION 

PINS  TO 

CASE 

CURRENT 
MAX  NO 
FIRE 

-  FIRING 
MIN  ALL 
FIRE 

DATA 

RECOM 

ALL  FIRE 

STORAGE 

TEMP 

LIMITS 

SHELF 

LIFE 

SAFE  ARM 

FOR 

DESTRUCT 

P3-003933 

1" 

.19  +.03 
OHMS 

100  MEGS 

Mt.N  e 

500  VOC 

1.0  A 
for 

5  nln. 

B 

m 

♦120*F 

0*F 

5  YR 

HEAT  SHIELD 

SEPARATION 

CARTRIDGE 

339B6700SS-1 

i.OS  +.10 
OHMS 

2  MEGS 

9  250  VDC 

1.0  AMP 

3.5  AMP 

m 

51 

♦200 ‘F 

0*F 

5  YR 

LTH  6  STH  STO 

SEPARATION 

CARTRIDGE 

23-002981 

1.05  I.IO 
OHMS 

2  MEGS 

9  2SOVOC 

3.5  AMP 

m 

■■ 

♦160*F 

0*F 

5  YR 

POWER  CART¬ 
RIDGE  FOR 
PAYLOAD 
SEPARATION 

MISHEAR 

PC-33  POWER 
CART 

1.1  ♦.! 
ohms” 

2  MEGS 

9  500  VDC 

1 

1.0  A 
for 

5  MIN. 

B 

■ 

♦175*F 

0*F 

|■l20•F 
-  20*F 

5  YR 

DCSPIN  CABIE 
CUTTER,  EG  L 

C  PAYLOAD 
SFI'ARATION 

SPACE 

ORDNANCE 

SOl-266-4 

1.05  *.1C 
OHMS 

2  MEGS 

9  500  VDC 

i 

1.0  AMP 
FOR  5 

MIN. 

3.5  AMP  I 

B 

♦l.05*F 

*25*F 

5  YR 

iTyr 

IGN-DEST 
HATTER Y 
INITIATOR 

23-002S83-2 

,65  «.10 

ohms” 

500  MEGS 

0.01  AMP 

2.0  AMP 

Hi 

♦170*F 

1-  32*F 

♦100*F 
♦  35'F 

STH  STAGE 

ICM  BATTERY 

23-00366S-1 

.05  TO 
.18 

OHMS 

10  MEGS 

MIN  9 

500  VDC 

m 

njUjiiiii 

♦160*F 

OT  1 

2  YR 

POWER  CART¬ 
RIDGE  FOR 
PAYLOAD 
SEPARATION 

MISHEAR 

PC  19-009 

POWER  CART 

1,1  ♦,! 

OHMS 

1.0  AMP 
FOR  5 

MIN. 

3.5  A^«P  , 

j 

B 

g 

+120*F 
-  20‘F  1 

! 

5  YR 
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The  Scout  Guidance  Control  System  provides  an  attitude  reference  and 
stabilizes  the  vehicle  around  its  three  major  axes.  It  consists  of: 

1.  Guidance  unit  whose  three  single-axis  miniature  integrating  gyros 
are  secured  directly  ("strapped  down")  to  the  vehicle  airframe. 

2.  Rate  gyro  unit  to  provide  rate  signals. 

3.  Power  Control  Relay  Box  to  provide  power  and  ignition  switching. 

U,  Intervalometer  to  provide  scheduling  of  events  during  flight. 

5.  Programmer  to  provide  pitch  or  yaw  gyro  torquing  voltages. 

6.  400-cps  inverter  and  battery  power  supplies. 

7.  Poppet  valve  electronics  to  switch  the  valves  that  control  the 

"on-off"  reaction  jet  stabilization  system. 

8.  Hydraulic  servocontrol  amplifier  to  amplify  the  stabilization 
system  error  signals  for  first  stage  control. 

9.  Yaw-roll  compensation  unit  to  compensate  for  errors  in  roll  due  to 
yaw  displacements  and  in  yaw  due  to  roll  displacements  that  occur  during 
pitch  program. 

The  guidance  unit  provides  three  gain  conditions  to  maintain  stability  and 
attitude  control  from  lift-off  to  fourth-stage  separation:  Gain  I  during 
first-stage  control;  Gain  II  during  second-  and  third-stage  burn  control, 
and  Gain  III  during  third-stage  coast  control. 

C 7 . 3  MISSION  SCENARIO 

The  Mission  Scenario  was  covered  only  briefly  in  the  reference  document 
(reference  the  General  Vehicle  Description,  Paragraph  C7.1.) 

Activation  of  the  ignition  batteries  is  accomplished  during  countdown  by 
firing  the  gas  generators  with  a  command  from  the  blockhouse.  Gas 
pressure  then  forces  electrolyte  from  the  reservoir  into  the  cells.  A 
relief  port  is  provided  in  each  battery  case  to  vent  gases  when  the 
differential  pressure  exceeds  5  psi. 
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Ignition  times  vary  depending  upon  mission  requirements,  but  the  following 
sequence  will  always  be  valid: 


To 


Tl 

*T2 

**T2 


***T4 


Ts 

T6 

T? 


Ta 

eeeiq 

***Ti() 

***Ti2 


First-Stage  Ignition  from  Ground  Command 
Second-Stage  Ignition 
Heatshield  Ejection 

Third-Stage  Ignition  Coimnand  and  Heatshield  Ejection 
Third-Stage  Ignition 

Third-Stage  Ignition  (through  a  1.7  ±  0.2  second 
squib  delay) 

Establish  Fourth-Stage  Attitude  Correction  System 
Reference 

Fourth-Stage  Spin  Motor  Ignition  and  Fourth-Sta,':e 
Ignition  Command 

Fourth-Stage  Separation 

Fourth-Stage  Ignition  (through  6.35  ^  0.85  second 
squib  delay),  ***  and  start  of  Fifth-Stage  Timer 

Fourth-Stage  Burnout 

Payload  Separation 

Activate  Attitude  Correction  System 

Deactivate  Attitude  Correction  System 

Fifth-Stage  Ignition 

Payload  Separation 


* 

Ifk 

*** 


Applicable  only  when  Antares  IIB  motor  is  used  for 
Applicable  only  when  Antares  IIA  motor  is  used  for 
Applicable  only  when  Fifth  Stage  and  ACS  is  used. 


third  stage, 
third  stage. 
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Figure  C7-1  Scout  Vehicle  Exploded  View 
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Figure  37-2  Reaction  Control  System,  Second  Stage 
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ACCUMULATOR  16. /.O. -POUND  MOTOR 

17.  500-POUNU  MOTOR  AND  VALVE  ASSGmBLY 
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Figure  C7-3  Reaction  Control  System,  Third  Stage 
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31.  BYPASS  RESTRICTOR 


TOROIDAL 

RECEIVER 


Figure  C7-A  ACS  Functional  Block  Diagram 
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C8.0  INTRODUCTION 

The  following  data  were  extracted  from  the  Standardized  Launch  Vehicle  X 
documents,  "Executive  Summary,  Volume  I,"  P84-4S031'1,  and  "Technical 
Proposal,  Volume  III,"  P84-45031-3,  August  1984,  Martin  Marietta 
Aerospace,  Denver  Aerospace,  P.O.  Box  179,  Denver,  CO  80201. 

C8.1  GENERAL  DESCRIPTION 

A  three-body  launch  vehicle  was  selected  to  meet  TIV  requirements  as  shown 
in  Figure  C8-1.  The  vehicle  consists  of  a  two-stage  liquid  propellant 
core  vehicle,  two  strap-on  solid  rocket  motors  (SRM),  a  high-energy 
Centaur  upper  stage,  and  a  payload  fairing  (PLF).  The  overall  vehicle 
length  is  204  ft,  and  lift-off  weight  is  1,910,499  lb. 

The  TIV  vehicle  performance  is  10,565  lb  to  GSO  (requirement  is  10,000 
lb).  This  is  accomplished  by  using  the  boost  vehicle  (SRMs  and  core 
vehicle)  to  position  the  Centaur  and  payload  on  a  trajectory  from  which 
the  Centaur  provides  the  final  velocity  to  achieve  an  80  x  95-nmi  park 
orbit  and  then  delivers  the  payload  to  the  GSO.  The  PLF  protects  the 
payload  and  Centaur  during  the  atmospheric  portion  of  the  boost  flight  and 
ensures  that  TIV  payload  environments  are  comparable  to  the  Space 
Transportation  System  (STS).  In  addition,  the  Centaur  upper  stage 
physical  and  functional  interfaces  with  the  satellite  vehicle  (SV)  are 
equivalent  to  the  STS. 

The  TIV  airborne  vehicle  configuration  (Fig.  C8-2)  is  a  standard  three- 
body  vehicle  consisting  of  a  core  vehicle,  dual  strap-on  solid  rocket 
motors  (SRK)  and  a  high-energy  Centaur  upper  stage.  The  TIV  vehicle 
includes  a  200-in. -diameter  by  86-ft-long  payload  fairing  that  encloses 
the  Centaur  stage  and  provides  a  15X40  ft  dynamic  payload  envelope. 

C8 . 1 . I  Core  Vehicle 

The  core  vehicle  consists  of  two  10-f t-dlamcter  liquid  propellant  stages. 
Stage  I  is  86.5  ft  long  and  contains  341,000  lb  of  propellant  (nitrogen 
tetroxide  and  Aerozine  50).  Stage  II  is  32.6  ft  long  and  contains  77,000 
lb  of  the  same  propellants.  The  Stage  I  dual-subassembly  engines  provide 
546,000  lb  of  thrust  and  are  gimbaled  to  provide  pitch,  yaw,  and  roll 
steering  control.  The  Stage  II  single  subassembly  gimbaled  engine 
provides  104,000  lb  of  thrust  and,  in  conjunction  with  a  roll  control 
nozzle,  provides  the  stage-steering  capability.  Both  stages  use  an 
autogenous  pressurization  system  that  contains  no  operating  components.  A 
four-axis  gimbaled  inertial  measurement  unit  and  digital  computer  provide 
the  boost  vehicle  guidance  and  control  functions.  Other  core  vehicle 
avionics  include  a  remote  multiplexed  instrumentation  system,  a  10-W 
S-band  transmitter  and  antenna,  a  dc  battery-powered  sequence  system,  and 
a  range  safety  destruct  and  inadvertent  separation  destruct  system  (ISDS) 
in  each  stage. 
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C3 . I . 2  Booster  Modifications 


The  low-risk  booster  TIV  design  is  an  extension  of  the  operationally 
proven  Titan  SAD  vehicle  and  the  STS  Centaur  design.  The  TIV  boost 
vehicle  is  a  natural  growth  configuration  of  the  Titan  family  chat  started 
with  the  Titan  II  Weapons  System  and  grew  through  Che  Titan  IIIC  (added 
SRMs),  Titan  2AB  (stretched  core  vehicle).  Titan  IIIF  (Centaur  upper 
stage)  and  lA.3~f C-diameter  payload  fairing  (PLK)  and  TSAI)  (stretched 
SRMs).  The  TIV  Centaur  upper  stage  is  a  modified  version  of  Che  STS 
Centaur  G  Prime  configuration  with  Centaur  G  avionics.  Figure  CS^S  shows 
an  outboard  profile  of  the  boost  vehicle  along  with  an  identification  of 
major  changes  from  established  vehicles. 

T)ie  strap-on  SRMs  are  10  ft  in  diameter  by  112.9  ft  long  and  are  loaded 
with  UTP-SOOIB  solid  propellant.  The  total  thrust  of  the  two  SRMs  is  2.95 
X  10^  lb.  The  SRM  web  action  time  is  110.5  seconds,  and  each  SRM 
provides  a  total  impulse  of  159.7  x  10^  Ib-s.  The  SRM  thrust  vector 
control,  which  is  driven  by  the  core  guidance  system,  injects  nitrogen 
tetroxide  into  the  mctor  exhaust  stream,  thereby  producing  angular 
displacement  of  the  exhaust  streams  to  produce  vehicle  steering.  The  SRMs 
carry  remote  multiplex  units  (instrumentation  pickup  units)  and  command 
and  inadvertent  separation  dea Cruet  hardware. 

The  Centaur  is  a  single-stage  liquid-oxygen  and  liquid-hydrogen  vehicle 
that  is  170  in.  in  diameter  (max)  and  29.3  ft  long.  The  stage  consists  of 
oxygen  and  hydrogen  pressure-stabilized  propellant  tanks  that  contain 
A6,136  lb  of  propellant.  The  stage  contains  a  dual-subassembly  engine 
with  multiple-start  capability  that  delivers  a  33,000  lb  thrust.  A 
hydrazine  reaction  control  system  provides  for  coast-phase  steering 
control.  A  gimbaled  inertial  platform  and  digital  computer  provide 
guidance  and  control  functions.  Command  control  receivers  enable  range 
engine  shutdown  and  desCruct,  and  a  C-band  tracking  transponder  is 
provided.  The  stage  has  an  instrumentation  system  Chat  is  compatible  with 
payload  user  needs,  including  an  encryptor  and  a  multiple  antenna  S-band 
telemetry  system.  This  stage  also  provides  the  payload  physical  and 
functional  interface. 

The  final  TIV  element  is  the  payload  fairing  (PLF)  Chat  protects  the  upper 
stage  and  payload  from  aerodynamics  during  Che  boost  phase.  The  PLF  is  an 
all-metal  isogrid  construction  that  is  coated  externally  and  internally  Co 
reduce  Che  effects  of  aeroheaCing  and  flight  acoustics  and  vibration.  The 
PLF  environment  and  spatial  conditions  are  compatible  with  the  STS. 

The  TIV  design  incorporates  payload  accommodations  equivalent  to  the  STS 
(Fig.  C8-A).  These  accommodations  assure  chat  DOD  payloads  designed  for 
STS/CenCaur  missions  will  require,  at  most,  minimal  design  modifications 
to  fly  on  Che  TIV  and  are  key  to  assuring  that  the  TIV  complements  the 
STS.  The  TIV  payload  capability  of  10,565  lb  for  Che  GSO  mission  is 
equivalent  to  Che  predicted  Centaur  G  STS  performance  of  9,A13  lb.  The 
TIV/Centaur  payload  interfaces  are  Che  same  as  the  STS/Centeur  interfaces 
because  identical  interface  hardware  is  used. 
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A  modified  ITL  concept  for  the  flow  of  TIV  segments  from  receipt  at  CCAFS 
through  assembly  and  launch  from  LC-41  is  shown  in  Figure  C8-3. 

C8 . 1 . 3  Alternative  Upper  Stages 

A  trade  study  will  determine  criteric,  and  criteria  rank  and  will  evaluate 
potential  alternative  upper  stages. 

Candidate  upper  stages  .-re  sUo™  in  Figure  C8“6  which  considers  upper 
stages  that  could  perform  the  TIV  ILC  and  TIV  reduced  mission  payload. 

The  selection  criteria  and  alternative  upper  stage  candidates  will  be 
reviewed  with  the  Air  Force  in  April  1985. 

After  determining  which  alternative  upper  stages  meet  the  mandatory 
criteria,  the  relative  performance  of  each  stage  will  be  evaluated  against 
the  other  criteria.  A  significant  portion  of  the  effort  will  required  to 
refine  structural  changes  (Figure  C8-7)  and  to  update  the  estimated 
payload  load  capabilities  shown  in  Table  C8-1. 

Table  C8-1  Payload  Capability  for  Other  Upper  Stages 


Mission 

Centaur 

G  Prime 

Alternative 

Upper  Stage 

Centaur  G  TOS/AMS 

A-Tank 
Trans tage 

Trans tage 
AMS 

lUS 

Geostationary 

10,56, 

8,050* 

5,773* 

** 

5,970 

A,  950 

I2h,  63.A-deg 
Inclination 

17,819 

15,190* 

11,021* 

•kit 

** 

It* 

2Ah,  65-deg 
Inclination 

10,918 

2,5A8* 

6,103* 

** 

** 

** 

*  Capability  will  be  refined  by  IR&D  study. 
**  Capability  will  be  defined  by  IR&D  study. 


C8.1.A  Loads 

TIV  equivalent  axial  loads  range  from  no  change  up  to  64X  greater  than  L'or 
Titan  3AD.  TIV  maximum  airloads  analysis  results  indicate  that  the  Stago 
I  and  II  structure  must  be  strengthened  to  withstand  the  increased  leads 
caused  by  the  larger  PLF  and  stretched  core.  A  static  elastic  loads 
analysis  was  performed  for  a  Qf  of  1000  psf-deg  using  a  rigid  Centaur 
upper  stage  and  a  10,000-lb  payload. 

Table  C8-2  compares  the  equivalent  axial  loads  (P£q)  for  the  TIV  with 
those  for  the  Titan  SAD.  The  increases  range  from  no  change  to  a  6 AX 
Increase,  with  the  larger  Increase  occurring  in  the  Stage  II  structure. 

PLF  loads  were  estimated  more  conservatively  to  protect  PLF  design 
deflection  requirements  and  were  based  on  a  Qj  of  lAOO  psf-deg.  Table 
C8-3  presents  the  PLF  distributed  loads. 
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T  ible  C8-2  Equivalent  Axial  Loads  (Peq)  ^or  TIV  vs.  Titan  34D 


*  Change 
''j  TIV 

V.J  Peq  T34D 


-25 

-25 

+58 

+6^ 

+62 

+62 

+62 

+59 

+56 

+54 

+53 

+45 

+45 

+49 

+55 

+5C 

+38 

+30 

+32 

No  Change 
No  Change 
No  Chanse 


Table  C8-3  PLF  Distributed  Loads 


station 

108 

165F 

Fwd 

165A 

Oxidizer 

203 

Skirt 

283F 

28  3A 

Stage  II 

312F 

312A 

409 

Oxidizer 

4^0F 

Stage  II 

430A 

500F 

500A 

650 

Fuel 

812 

Stage  I 

975F 

975A 

1070F 

Oxidizer 

1070A 

Stage 

1211 

135iF 

1351A 

Fuel 

PLF 

Station 

Limit 

Shear  -  Vr 
(kips) 

1032 

2.88 

950 

10.75 

869 

21.95 

787 

31.20 

705 

38.38 

624 

43.28 

542 

45.92 

460 

47.06 

379 

47.42 

297 

47.48 

215 

47.56 

52 

47.18 

0 

46.89 

Limit 

Moment  -  Mr 
(106  in. -lb) 


6  lb) 


3.17 

18.8 

0.0 

0.018R 

11.83 

45.0 

0.236 

0.0553 

24.15 

60.4 

1.107 

0.0931 

34.43 

70.2 

2.907 

0.1355 

42.22 

72.2 

5.465 

0.1913 

47.61 

74.3 

8.574 

0.2588 

50.51 

76.3 

12.120 

0.3354 

51.77 

78.5 

15.890 

0.4169 

52.16 

81.0 

19.700 

0.4996 

52.23 

83.6 

23.590 

0.5840 

52.32 

87.4 

27.480 

0.6697 

51.90 

107.0 

35.220 

0.8530 

51.58 

121.8 

37.690 

1.4480 

)  =  Fultd 

L.l  Vr)  =  Fuit(L-2> 

S'  1  rA  P  2(1.05  Mr) 

fUlt  ^-06  PAxial  +  - — — — 

Rad 


Figure  C8-8  shows  the  TIV  critical  flight  events  that  will  be  analyzed. 
C8.2  SYSTEMS  DESCRIPTIONS.  HAZARDOUS  MATERIALS.  SCHEMATICS 
C8 . 2 . 1  Solid  Rocket  Motors  (SRM) 

The  UT-CSD  /-segment  SRM  was  selected  to  take  advantage  of  the  existing 
qualified  design  and  development  testing  dons  for  the  MOL  program. 

The  TIV  Stage  0  consists  of  two  /-segment  SRMs  developed  and  qualified  by 
CSD  (Fig.  C8-9).  Four  static  test  firings,  including  thrust  vector 
control  testing,  were  completed  for  the  Manned  Orbital  Laboratory  (MOL) 
program,  thus  providing  a  low-cost  and  low-risk  design  for  the  TIV  SRM. 

Stage  0  consists  of  two  identical  segmented  120-in. -diameter  SRMs  mounted 
180*  apart  on  the  core  vehicle.  Each  SRM  has  a  sea-level  thrust  of 
1.4/5x10^  lb,  an  of  269.8  s,  a  web  action  time  of  110.5  s,  and  a 
total  impulse  of  159. /xlO^  Ib-s.  The  propellant  (UTP-3001B)  is 
PBAN-based  and  contains  841  solids  (16X  aluminum  and  68X  ammonium 
perchlorate,  plus  additives  and  an  iron  oxide  catalyst).  The  nozzle 
assemblies  use  a  9.18  to  1  expansion  ratio  and  are  canted  6  deg.  Thrust 
vector  control  is  provided  by  a  nitrogen-prehisurized  ullage  blowdown 
liqr'.d  injection  system.  The  N2O4  injectant  is  pressure-fed  to  24 
electromechcnical  valves  mounted  on  each  nozzle.  Forward  and  aft  staging 
rockets  provide  the  separation  forces.  Each  motor  segment  is  130  in.  long 
and  constructed  of  D6aC  steel.  The  same  material  is  used  for  the  forward 
and  aft  closures.  Each  /-segment  SRM  has  a  dry  weight  of  94,259  lb  and  a 
loaded  weight  of  695,336  lb. 

Increased  Stage  0  perfcrmance  is  achieved  by  replacing  5-1 /2-segment  SRMs 
with  /-segment  SRMs  and  by  designing  a  lighter  aft  support  skirt; 
assembly.  The  transition  from  5-1/2  to  /  segments  requires  the 
following:  Using  UTP-3001B  propellant  rather  than  UTP-3001  and  a  40-in. 
longer  forward  closure;  replacing  the  1/2  segment  with  two  full  segments; 
and  using  a  larger  throat  and  nozzle  assembly.  The  result  is  the  basic 
configuration  that  was  designed,  built,  and  qualified  for  the  MOL  program, 
(Fig.  C8-10). 

A  modified  T34D  design  for  the  aft  support  skirt  is  shown  in  Figure 
C8-11.  This  design  results  in  a  lighter  skirt  assembly  than  that  proposed 
for  MOL.  No  TVC  modifications  are  required  because  the  current  system  was 
designed  for  a  /-segment  configuration. 

Transition  to  the  /-segment  configuration  results  in  additional  propellant 
and  dry  weight  increases  associated  with  the  added  segments. 

The  30X  total  impulse  increase  is  a  result  of  the  127,500-lb  additional 
propellant  per  SRM.  Burnout  weight  increases  by  13,800  lb  (17X),  which 
includes  the  2600-lb  weight  decrease  per  SRM  due  to  the  lighter  skirt. 
Table  C8-4  summarizes  major  SRM  characteristics. 
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Table  C8-4  Major  SRM  Characteristics 


The  TIV  /-Segment  Performance  Is  Comparable  to  the  MOL  /-Segment  Design. 

T-34D  51/2  MOL  ***  7-  TIV  /- 
Parameter  (60*F  Nominal)  Segment  Segment  Segment 


Maximum  (Initial)  Sea  Level 
Thrust  *,  lb  X  10^ 

1.2/3 

1.442 

1.4/5 

Delivered  Igp**  s  (VAC) 

263.2 

269.8 

269.8 

Web  Action  Time,  s 

ICA.l 

113.4 

110.5 

Action  Time,  s 

113./ 

124.5 

121.2 

Duration  (Total)  Impulse* 

Ib-s  X  10^  (VAC) 

123.1 

158.6 

159./ 

Max  **  Expected  vOperation 
Pressure  (MEOP),  s 

935.0 

866.0 

888.0 

Propellant  Wt,  lb  x  10^ 

464 . 3 

589.1 

592.0 

Inert  Wt  Expended,  lb 

5000 

/OOO 

/OOO 

*  Nozzle  Centerline 

**  Value  Represents  3-sigma  Maximum  Pressure  at  90*F 

***  MOLSRM  120/-3 
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As  shown  in  Table  C8-5,  most  structural  components  will  require  strengthening 
to  meet  the  higher  loads.  In  all  cases,  Titan>34D-approved  materials  will  be 
used  for  construction. 

Table  C8-5  Core  Vehicle  Structural  Modification 

Design  Step 

Modif icatiori  Description  l?esign  Impact  Performance 

Impact 


Stage  1  Barrel  Section  Skin  Length  &  Thickness 

Fuel  Tank  Stretched  43.8  in. 

&  Increase  in 
Strength  for 
New  Loads 

K  Frame  Resized  Up* 

Y  Frames  Resized  Up* 

Forward  Skirt  Components 
Resized  Up* 

External  Conduit  Lengthened* 

Internal  Conduit  Lengthened* 

Oxidizer  Feeline  Lengthened 

Barrel  Section  Skin  Thickness,  Length,  ■t‘409  lb 

Stretched  51.2  in  &  Stringer  Webs,  &  Flanges 
Increased  in  Resized  Up 

Strength  for 

New  Loads  Y  Frames  Resized  Up  *  +532  lb 

Aft  Skirt  Components  Resized 
Up* 

Forward  Skirt  Components 
Resized  Up* 

External  Conduit  Lengthened* 

Skin,  Frames,  &  Stringers  +  32  lb 

Resized  Up  in  Thickness 

SRM  Attachment  Point  Structure  -141  lb 
Deleted  at  Sta  500  &  Moved  to 
Sta  370.6;  Basic  Internal 
Structure  Remains  Same; 

Local  Support  Structure  Deleted* 

Stage  li.  Barrel  Section  Skin  Thickness  Resized  UP  +  74  lb 

Fuel  Tank  Stretched  9  in  & 

Stretch  Increased  in 

Strength  for 
New  Loads 


Rc  .:(>  '.le  Skirt  Strength  is 
Ski.  Increased  for  New 
Resi;  Loads 


ige  1 
Oxidizer 
Tank  Stretch 


+350  lb 


+227  lb 
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Table  C8-5  Core  Vehicle  Structural  Modification 
(Continued) 


Design 

Modification 


Stage  II 
Oxidizer 
Tank 

Stretched 


Centaur 
Upper  Stage 
Requirements 


Step 

Description  Design  Impact  Performance 

Impact 


Y  Frames  Resized  Up*  -t-318  lb 

Aft  Skirt  Components 

Resized  Up* 

Internal  Conduit  Lengthened* 

External  Conduit  Lengthened* 

Oxidizer  Feeline  Lengthened* 

Fee line  Dome  &  Cone  Inlet  L 
Outlet  Angles  Changed* 

SRM  Electrical  Cable  Umbilical 
Structure  Deleted  from  Aft  Fuel 
Skirt* 

Barrel  Section  Skin  Thickness  Resized  Up  83  Ib 

Stretched  9  in  L 
Increased  in 
for  New  Loads 

Y  Frames  Resized  Up  't-478  Ib 

Aft  Skirt  Components 

Lengthened* 

External  Conduit 
Lengthened* 

SRM  Electrical  Cable 

Umbilical  Structure  Added  to  Aft 
Skirt* 

Fourth  Retrorncket  Package  Added  +  21  lb 
to  Aft  Skirt 


Increases  Length 
Forward  Oxidizer 
Skirt;  Addition 
of  Thermal  Barrier 
to  Skirt; 

Change  in  Skirt 

Vending 

Requirements 


Forward  Oxidizer  Skirt  Skin  -fZlO  Ib 

Strengthened  43.1  in.  & 

Resized  Up  in  Thickness 

PLF  Separation,  Electrical  Neglible 

Umbilical  Connections  &  Upper  Weight 
Stage  Connection  Revised*  Change 

Provisions  for  Attaching 
Thermal  Barrier  Added  to  Skirt, 

Similar  to  One  Used  on 
Titan  D-IT 
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Table  C8-3  Core  Vehicle  Structural  Modification 
(Continued) 


Design 

Modification 


7-Seginent 

SRMs 


Avionics 

Revisions 


Step 

Description  Design  Impact  Performance 

Impact 


Existing  Triangular  Vert  Holes  *721  lb 
Deleted;  New  Circular  Vent 
Holes  Added  in  New  Location 
Field  Splice  Added  at  Two  Places 
Stringers  &  Frames  Resized  Up* 

Payload  Fairing  Attach 
Points  Added  (36  Places)* 


Relocation  of  SRM 
Attach  Points  on 
Vehicle  to 
Sta  370.6 

Add  two  Trusses  in 
Compartment  2A  & 
Delete  Truss  from 
Compartment  B 


SRM  Attach  Fittings,  Frame  &  -t-LIA  lb 
Local  Support  Structure  Added 
to  Stage  II  Forward  Fuel  Skirt 

Additional  Truss  Tie  Points,  Negligible 

Hardware,  &  Access  Doors  Weight 

Added  to  Forward  Fuel  Skirt 
Truss,  Tie  Points,  Mounting 
Hardware  &  Access  Doors 
Deleted  from  Stage  II 
Forward  Fuel  Skirt 


Minitrusses  Added  to  Forward  +10  lb 
Skirt  to  Support  Destrucc 
Initiator  &  Destruct  Charges* 


*  Design  impacts  are  secondary  effects  caused  by  primary  modifications. 


C8.2.2  Cora  V«hlclt  Structurtt 


Tha  112-in.  tank  ttratch  provldas  for  an  additional  46,000  lb  of 
propallant  in  Stage  I  and  8300  lb  in  Stage  II.  Stage  I  dry  weight 
increaaea  by  2125  lb  and  Stage  II  by  2704  lb  to  accomnodata  tank  stretch 
and  structure  strengthening.  These  weights  also  include  the  relocation  of 
the  SRM  attach  points  from  Stage  I  to  Stage  11,  the  PLF  and  Centaur  attach 
points  at  the  Stage  II  forward  oxidizer  skirt,  and  the  thermal  barrier 
between  Stage  II  and  the  Centaur. 

The  TIV  core  vehicle  is  a  10-f t-diaineter-by-ll9.1-f t-long,  two-stage 
liquid  propellant  vehicle.  The  primary  structure  consists  of  aluminum 
ailoy  barrel  akins  with  stringers  and  ring  frames.  To  minimize  cost  and 
risk,  the  T34D  structure  was  used  as  the  basic  design  for  TIV,  and  the 
T34D  configuration  was  extended  by  112  in.  to  accommodate  additional 
propellant  requirements. 

The  core  vehicle  is  the  basic  TIV  building  block  because  the  two  7-seginent 
SRMs  strap  onto  the  core,  and  the  Centaur  upper  stage  and  PLF  attach  to 
the  Stage  II  forward  oxidizer  skirt.  In  addition,  the  core  vehicle 
structure  provides  the  tankage  for  the  liquid  rocket  engines  and  provides 
trusses  and  mounting  for  avionics  equipment. 

The  Stage  I  and  II  rocket  engines  are  the  uprated  versions  of  the 
ATC-LR-a7-ll  (Stage  I)  and  ATC-LR-91-11  (Stage  II)  to  be  used  on  Titan 
34D-l€.  For  TIV,  the  Stage  II  engine  thrust  will  be  increased  5X  for 
added  system  performance. 

Both  stages  will  retain  the  Titan  III  hypergolic  propellants  and 
simplified  autogenous  pressurization  system. 

C8.2.3  Core  Vehicle  Propulsion 

The  TIV  core  propulsion  system  uses  the  latest  uprated  T34D  engines 
coupled  with  longer  bum  durations  because  of  the  extended  propellant 
tanks . 

Stage  I  and  H  propulsion  is  provided  by  the  LR87-AJ-11  and  LR91-AJ-11 
engines  developed  by  Aerojet  Tech  Systems  Company  (ATC).  By  using  the 
latest  Titan  34D  version  of  these  engines  coupled  with  the  stretched  core 
propellant  tanks,  a  low-risk,  mature  TIV  core  vehicle  propulsion  system  is 
provided  (Fig.  C8-13), 

The  ATC  engines  meet  the  requirements  of  the  core  propulsion  system 
(Fig.  C8-14A)  and  have  exceeded  the  performance  and  extended  bum 
durations  needed  for  TIV  operation  on  previous  test  firings. 

The  core  propulsion  is  provided  by  two  tandem-mounted  liquid  stages  using 
storable  hypergolic  propellants.  The  fuel  is  Aerozine  50  (50/50  blend  of 
hydrazine  and  UDMh)  and  the  oxidizer  is  N2O4.  Stage  I  uses  twin 
turbopump-fed  engine  subassemblies  with  15  to  1  nozzle  expansion  ratios. 
Stage  I  nominal  performance  is  546,000  lb  of  thrust,  and  Ij.p  of  302.6  s, 
and  a  burn  time  of  190  s  (341,000  lb  of  propellants).  Gas  generators  on 
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each  aubassambly  driva  the  angina  Curbopiunpe.  A  solid  propellant;  start 
cartridet  on  aach  subassembly  Initiates  pump  operation.  Thrust  vector 
control  (pitch,  yaw,  and  roll)  is  provided  by  gimbaling  the 
subassemblies.  Stage  II  uses  a  single  gimbalad  turbopuinp-fed  engine 
subassembly  with  a  49.2  to  1  expansion  ratio  nossle.  Stage  II  nominal 
performance  is  104,000  lb,  has  an  Igp  of  316s  and  burn  time  of  232$ 

(77,000  lb  of  propellant).  The  Stage  II  engine  will  be  balanced  to  a 
thrust  level  5X  higher  than  the  current  Titan  340  engines.  Roll  control 
is  provided  by  ducting  turbine  exhaust  through  a  swiveled  roll  control 
nossle.  Tank  pressurisation  for  both  stages  is  provided  by  an  autogenous 
(self-generating)  system  and  requires  no  transducers,  valves,  or  active 
control  systems.  Both  stages  shut  down  upon  propellant  depletion.  Except 
for  the  changes  associated  with  the  longer  propellant  tanks  (longer 
oxidiser  feedlines,  longer  pressurisation  lines),  this  is  the  same  flight- 
proven  design  used  on  the  Titan  III/34D  programs.. 

Additional  performance  is  provided  to  the  TIV  over  the  T34D  configuration 
by  stretching  Stage  I  and  II  propellant  tanks  95  and  17  in., 
respectively.  Stage  II  thrust  is  uprated  SX  by  re-orificing  the  gas 
generator  circuit. 

The  core  propulsion  system  design  is  shown  in  Figure  C8-14  with  the 
modifications  summarised  in  Figure  C8-14A.  Tank  stretch  is  accomplished 
by  additional  barrel  length.  The  Stage  II  SX  thrust  increase  is 
accomplished  by  increasing  pump  speed.  This  technique  has  been 
successfully  demonstrated  on  the  Stage  I  engines  on  several  previous 
uprates.  This  technique  has  also  been  successfully  demonstrated  during 
previous  engine  testing  when  the  engine  was  operated  at  a  thrust  level  of 
105,314  lb  (I'TX)  for  250  seconds.  Therefore,  the  5X  increase  is  well 
within  the  capability  of  the  engine.  In  addition,  the  Stage  I  engine  burn 
time  increases  25  seconds  to  a  total  of  190  seconds  (nominal),  and  Stage 
II  increases  13  seconds  to  a  total  232  seconds  (nominal).  Both  increases 
are  well  within  current  demonstrated  engine  capabilities. 

Ivicreased  tank  length  results  in  longer  engine  burn  times  and  requires 
corresponding  length  changes  in  the  oxidiser  feedlines  and  autogenous 
pressurisation  lines.  Analyses  have  shown  that  even  with  the  increased 
liquid  height  caused  by  the  stretched  tanks,  feed  system  pressures  will  be 
at  or  slightly  below  current  pressure  because  of  reduced  acceleration 
levels.  The  only  burn-time-limiting  components  on  the  engines  are  the 
ablative  skirts.  To  restore  operating  margin,  the  Stage  II  ablative  sk.Irt 
liner  will  be  machined  to  add  approximately  0.020  in.  to  the  nominal 
thickness  (from  0.400  to  0.420  in.).  All  other  Stage  II  components  and 
all  Stage  I  components  are  qualified  for  durations  in  excess  of  TIV 
requirements.  The  fuel  tank  aft  thrust  cone  structure  will  be  modified 
for  the  higher  Stage  II  engine  thrust,  and  some  minor  increases  in  engine 
propellant  line  flange  thickness  and  a  gimbal  bolt  material  change  may  be 
incorporated  to  restore  operating  margins. 
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An  additionaL  46«000  lb  of  propallant  la  addad  co  Stagt  I  rcaulting  in  4-25 
aaconda  of  burn  tima.  Tha  Stage  II  propallant  incraaaa  of  3300  lb, 
coupled  with  tha  incraaaed  flow  rata  from  tha  5%  high,  balance  resilta  in 
a  net  incraaaa  of  13  aaconda  bum  time, 

Bacauae  of  the  additional  line  lengtha,  a  praaaure  drop  analyais  will  be 
accompliahad  and  the  reaulta  incorporated  into  the  syatem  performance 
analyais.  A  atreaa  analysis  of  tha  Stage  II  combustion  chamber  will  be 
performed  to  verify  margins  because  of  the  added  mass  on  the  engine  skirt. 

The  Stage  I  nominal  burn  time  Increase  from  165  seconds  (T34D)  to  190 
aaconda  (TIV)  is  within  the  200-sacond  angina  qualification  levels  and 
well  below  the  demonstrated  level  of  300  seconds.  Tha  Stage  II  nominal 
bum  time  increase  from  219  seconds  (T34D  depletion  shutdown)  to  237. 
seconds  (TIV)  is  slightly  longer  than  tha  225-second  engine  qualification, 
but  well  below  the  demonstrated  level  of  250  seconds.  Aa  mentioned 
earlier.  Stage  II  operating  margins  will  be  restored  by  increasing  the 
thickness  of  tha  ablative  skirt  liner. 

C8.2.4  Core  Vehicle  Flight  Controls 

The  flight  control  system  (PCS)  uses  the  flight-proven  T34D/TS 
configuration  to  enhance  launch  availability  while  maintaining  vehicle 
stability. 

The  FCS  of  the  TIV  is  an  adaptation  of  tha  flight-provan  T34D/TS  digital 
configuration  (Fig.  CS-15A).  The  modifications  are  cost  aftective  and 
feasible  aa  shown  by  frequency  domain  analyses  and  tima  domain 
simulations,  a  pitch/yaw  steering  scheme  is  implemented  in  the  software 
to  maximize  launch  availability  by  using  launch-day  measured  winds. 

Launch  availability  is  enhanced  by  using  a  load  relief  autopilot  that 
complements  the  wind  biasing  technique. 

This  configuration  balances  the  increased  aerodynamic  loading  caused  by 
the  bulbous  PLF  with  an  Increased  control  capability  primarily  due  to  the 
revised  thrust  and  mass  distribution  of  the  7-segment  SMIs  (Fig.  C8-15B). 
The  potential  stability  degradation  caused  by  distributed  aerodynamics 
that  occur  for  large  flexible  boosters  is  understood,  and  unique  analysis 
techniques  and  tools  have  been  developed  to  analyse  this  phenomena.  For 
the  TIV  configuration,  analysis  has  shown  this  degradation  to  be 
acceptable  with  reductions  of  0.46  and  0.98  dB,  respectively,  in  the 
aerodynamic  gain  margins  of  pitch  and  yaw  at  the  max-Q  time  point. 

Significant  parameters  affecting  vehicle  stability  show  strong  similarity 
between  the  TIV  and  T34D/TS  (Fig.  C8-15D).  The  TIV  open-loop  frequency 
response  is  shown  in  Fig.  C8-15E  for  the  pitch  channel  at  the  max-Q  time 
point.  The  T34D/TS  open--loop  frequency  response,  shown  in  the  same 
figure,  is  very  similar  to  that  for  the  TIV.  Thus,  FCS  design  tools  and 
techniques  developed  for  Titan  are  directly  applicable  to  the  TIV. 
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Stability  analyaaa  were  conducted  for  all  three  channels  (pitch,  yaw,  and 
roll)  for  the  TIV  Stage  0  flight  phase.  Resuitq  of  these  analyses,  which 
included  the  wind  tunnel  test  aerodynamic  parameters,  show  th^  :  the  FCS 
configuration  meets  or  exceeds  the  stability  margin  requirement i  and 
objectives.  For  example,  the  stability  analysis  results  for  t;  e  pitch 
plane  rhow  that  all  stability  margin  objectives  are  exceeded. 

FCS  analysis  tools  are  sophisticated  and  have  been  verified  by  continual 
use  on  vat  iuus  Titan  programs.  These  tools  (Fig.  CH-ISF)  ii\i''.ude  high- 
fidelity  a.«th  models  necessary  for  FCS  design  for  a  large,  flexible 
booster. 

To  alleviate  concerns  over  tha  validity  of  the  aerodynamic  data,  a  wind 
tunnel  test  was  completed  using  a  2.8X  scale  model  of  the  TIV.  These 
results  were  used  to  verify  stability  margin  requirement  compliance  with 
SS-ELV-&01  end  to  develop  Stage  0  FCS  parameters  for  use  in  6-DOF 
simulations. 

C8.2.5  Core  Vehicle  Avionics 

The  core  vehicle  avionics  system  requires  no  new  design  and  only  minor 
modifications  to  existing  components. 

The  core  vehicle  avionics  system  must  meet  the  requirements  of  SS-ELV-401 
and  derived  requirements  that  allow  TIV  to  perform  the  specified 
missions.  It  must  provide  guidance,  navigation,  control,  and  electrical 
sequencing  during  the  boost  vehicle  (BV)  portion  of  flight.  It  must  also 
provide  adequate  telemetry  information  and  meet  the  range  safety 
requirements  of  AFETRM  127-1, 

The  TIV  core  avionics  (Fig.  C8-16)  uses  the  Delco  Systems  IGS,  consisting 
of  a  missile  guidance  computer  (MGC)  and  a  four-axis  gimbaled  inertial 
measurement  unit  (IMU)  to  provide  guidance,  navigation,  control,  and 
sequencing  of  the  BV  independent  of  the  Centaur.  Electrical  power  ic 
provided  by  silver-zinc  primary  batteries.  Tlie  distributed  sequencing 
system  is  a  sub.'iet  of  the  Transtage  system  using  identical  components,  and 
electrical  isolation  is  maintained  between  the  BV  and  Centaur.  The  SCI 
remote  multiplexed  instrumentation  system  (RNIS)  provides  384  kbps  of  BV 
telemetry  to  allow  accurate  analysis  of  all  BV  systems.  The  telemetry 
data  are  transmitted  via  s  10-W  S-band  transmitter  and  a  single  broad  beam 
antenna.  The  telemetry  system  is  al'O  completely  independent  of  the 
Centaur.  TIV  tracking  is  provided  by  a  C-band  pulse  beacon  in  the 
Centaur.  Command  control  receivers  in  the  Centaur  provide  shutdown  and 
destruct  commands  tc  th?  DV.  The  Centaur  commands  are  isolated  from  the 
BV  electrical  system,  which  provides  power  to  the  shutdown  and  destruct 
circuits.  Inadvertent  separation  destruct  systems  are  included  in  both 
core  vehicle  stages  and  in  each  SRM. 

The  primary  core  vehicle  avionics  modifications  (Tabi  '8-6)  are  from  a 
T34D/Transtage  baseline. 

Table  C8-7  lists  the  major  system  components.  The  majority  of  the 
components  are  located  on  two  trusses  in  Stage  II  Compartment  2A. 
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Table  C8-6  Avionics  Mo<iif ications 


Design  Performance 

Modification  Description  Design  Impact  Impact _ Constraint s _ Risk 

Eqpt  Transtage  Transtage  None-  Modified  Original 


Location  avionics  eqpt  trusses  must 

relocated  be  redesigned 

to  Stage  II  to  mount  in 

compartment  new  location. 


Cordage  Modify  cordage  Must  resize 
to  accommodate  critical 
new  eqpt  ordnance 

locations  &  circuits  & 
stage  lengths,  analysis 

new  clearane 
&  installation 
constraints. 


Flight 

Delete 

Modify  soft¬ 

Control 

compartment 

ware  to 

System 

2B  truss,  LASS 

resolve  IMU 

Sensors 

&  Stage  II  RGS 

sensed 

acceleration 
into  body 
coordinates . 

Redesign 

autopilot. 

Tracking  & 

The  BV 

Must  add 

Flight 

contains  no 

required 

Safety 

C-band 

shutdown  4 

System 

tracking  aid 

destruct 

&  no  command 

interface  with 

control 

Centaur. 

receivers . 

Centaur  has 

These 

C-band  beacon 

functions  are 
Provides  by 
Centaur 


Baseline 

guidance 

truss  design 

truss 

was  subject 

dynamic 

to  the  same 

charac¬ 
teristics  must 
be  analyzed 
for 

compatibility 
with  the  IGS. 

constraints 

None- 

Lack  of  data 

Similar 

Baseline 

on  Centaur  & 

designs  & 

PLF  inter¬ 

installa- 

face. 

t ions  have 

been 

successfully 
accommodated 
on  T3i»D. 

Reduced  BV  Autopilot  Previous 

Dry  Weight  adequacy  must  studies 

(Approx  be  proved  by  &  preliminary 

90  lb)  analysis.  analysis 

indicate 

acceptable 

margins. 


Reduced  Lack  of  data  Centaur  system 

BV  on  Centaur  is  being 

Dry  Weight  interfaces  &  added  for 

(Approx  flight  safety  TIV 

34  lb)  system  design,  application 

&  will  be 
designed  to 
accommodate 
this  approach. 


Note; 

Design  impacts  are  secondary  effects  caused  by  the 


design  modification. 


The  autonomous  IGS  was  chosen  for  the  BV  as  a  result  of  a  trade  study  that 
evaluated  the  cost,  weight,  risk,  and  technical  merit  of  several 
candidates  (Table  C8-8).  The  proposed  digital  system  provides  more 
flexibility  in  control  system  and  load  alleviation  design  than  the  analog 
system,  minimizes  the  interfaces  with  Centaur,  and  minimizes  the  schedule 
impact  on  critical  Centaur  hardware  and  software.  This  configuration 
provides  flexibility  for  integrating  and  flying  alternative  upper  stages 
or  payloads  requiring  no  upper  stage.  The  BV/Centaur  interface  is  limited 
to  the  flight  safety  systen. 
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Table  C8-8  The  Delco  Systems  Transtage  IGS 


Factors 

Delco  uses 
( Trans tase) 

Analog  FCS 
(T-IIIE) 

Centaur 

IGS 

Centaur 

IGS/MGC 

Cost 

$S.SM 

$1.0M 

i2.2M 

85. 2M 

Weight 

246  lb 

130  lb 

109  lb 

168  lb 

Schedule  Risk 

Low 

Moderate 

High 

High 

Autopilot/Load 

Good-Digital 

Poor-Analog 

Good- 

Good-Digital 

Relief  Flexi- 

A/P  has 

A/P  is 

Digital 

A/P  has  max 

bility 

max  flexi¬ 
bility 

inflexible 

A/P  has 
max  flex¬ 
ibility 

flexibility 

Complexity  of 

None-No  Func- 

Moderate-9 

High-33 

Mcderate-3 

Centaur  I/F 

ticnal 

Functional 

Functional 

Functional 

Interfaces 

Interfaces 

Interfaces 

Interfaces 

S/W  Impact 

Low 

Low 

High 

Moderate 

S/W  Margins 

Good 

Good 

Poor 

Good 

New  H/W 

None 

Added  Relays 
in  Centaur 

Major  Mod 
to  Centaur 
DCU  and/or 
New  I/O 
Unit 

Major  Mod  to 
Centaur  DCU 
or  IMG 

C8.2.6  Gore  Vehicle  Software 

The  TIV  core  vehicle  software  evolves  from  the  flight-proven  Titan 
3AD/Transtage  flight  plan  XV, 

The  core  vehicle  software  is  derived  from  the  T34D/Tran8tage  software  by 
deleting  Trans tage-unique  functions  and  adding  pitch  and  yaw  bias 
equations.  The  transition  to  TIV  software  will  employ  proven  code 
development  methods  and  verification  and  validation  testing  tools. 

The  core  vehicle  software  provides  guidance  and  control  to  the  boost 
vehicle  and  is  designed  to  meet  all  mission  requirements,  maximize  day  of 
launch  availability,  and  support  the  launch  timetable  and  window. 

The  design  approach  is  the  Titan  "flex  launch"  concept  that  was  proven 
with  lA  flights  using  a  single  flight  program  version  that  flew  five 
different  mission-peculiar  parameter  sets. 

New  aspects  to  the  software  include  a  technique  adapted  from  the  Titan 
IIIE  program  for  tailoring  the  Stage  0  steering  profile  to  the  premeasured 
winds  aloft  and  derived  body  rates  and  accelerations  from  the  core  IMU 
data  that  permit  the  removal  of  the  Stage  II  rate  gyro  and  LASS 
equipment.  These  modifications  provide  pitch  and  yaw  bias  that  enhances 
performance  and  alleviates  aerodynamic  loads.  Addition  of  the  identified 
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software  features  erodes  the  current  available  spare  memory.  To  provide 
safe  margins  of  spare  memory  and  to  accommodate  any  further  requirements, 
all  Trans tage-unique  equations  will  be  deleted.  This  deletion  is  minimal 
risk,  and  design  analyses  indicate  that  this  approach  will  increase  spare 
memory  margins  from  8  to  111.  This  solid  foundation,  coupled  with  Titan 
proven  development  and  test  methods,  will  provide  a  low-risk  flight 
software  package. 

Newly  programmed  equations  will  be  executed  in  ICS  with  nominal  and 
max/min  data  ~.o  assure  that  coding  precision  is  maintained.  The 
integrated  boost  vehicle  flight  program  and  parameters  over  the  range  of 
TIV  missions  will  be  validated  using  MSSS,  ICS,  and  the  Scientific 
Simulation  Lab/Guidanca  Control  Lab  (SSL/GCL)  real-time  test  bed.  Delco 
will  perform  the  IV&V  of  core  vehicle  software. 

This  design  was  selected  because  of  the  flexibility  to  minimize  vehicle 
loads  through  use  of  a  digital  autopilot  and  guidance  techniques  tailored 
to  the  launch-day  wind  environment.  It  provides  low  development  risk  by 
minimizing  impact  on  Centaur  Software  and  interfaces  (see  Tables  C8-9  and 
C8-10  and  Figures  C8-17  and  C8-18). 
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T«blt  C8>9  Software  Cbantes  fron  Vehicle  Configuration 
and  Performance  Zmprovenents 


0tsi9n 

catian 

inn 

MrforMnet 

Oaiipn 

Liantatians/ 

«lsk 

M1at« 

atntvt  rrmttiM- 
rtUtM  fu’MMt  t 
central 
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-  Incratsat  spare 
aaaary  by  Ml 
Mrds. 

*I/A 

-  Affect  we 
vel  t.  n 
only. 

-  Aaaiavat 
possibility 
af  aracutint 
dead  coda. 

Sl«9t  0 
Stttring 

tnearparata  attttuM 
pelynonul  ti  func¬ 
tion  af  aUituOa  far 
loads  a11a«iattan. 

inp  time 
palynaainal. 

-  daauiras  day- 
af-launch 
paraiMtar 
uplink. 

io9it  dii9  to 

-  CoOMcti  Uunch 
OVOtUbllUXa 

-  falynoMiai  fit 
threufh  fara- 
ABtaniad 
Altitude 
tands. 

-  Aalatad  ta 
launch-Oay 
Inviramatnt. 

-  Tachniqua  is 
derived  from 
Titan  ItU. 

USS/StK* 

2  t«t«  Cyra 
Mitt  Ion 

Mrtva  body  rates  ( 
accalarattans  trem 
ltd!  data. 

-  btanvas  LASS  1 
rata  t/rt  hard- 
uara. 

-  Caaiputa 
martial  to 
body  trans- 
fonaatian  m 
safttMra. 

-  left  vara  stinu- 
la'.as  K  far 
vehicle  check¬ 
out. 

-  braaidas 
a* Ian ICS 
saulnfs. 

-  tiapraaas  pay- 
load  capability. 

-  data  Supplied 
at  aa-an  rata. 

-  Lenar  euallty 
data  far  a/p 
Caapansatlan. 

-  TMinp  I 

Sitinp  tapact. 
lut  Nava 
Adaauate  Mar¬ 
tin. 

-  Law. 
aTthaugh 

Sana  in- 
craasa  in 
lag  t  sig¬ 
nal  naisa 

IS  intro¬ 
duced. 

MyloM 

ftirint 

ri9v«  i»m 

f.oNi  !• 

•  Ch«n9Ci  itpnra- 
tion  criUri*. 

-  tneraasas  pay¬ 
load  capability 
by  111  lb. 

-  Mducas  fHN 
dlsparslans  at 
saparat Ian. 

-  Satisfies  SV 
PNN  con¬ 
straint. 

-  Law  bacausa 
jattisan  is 
wall  bafara 
Stage  I/lt 
saparatian. 

nrmmi*r 

Mpltnk 

uplink  day-af -launch 
p<:raMters  dart  'ad 
fraa  utnd  data. 

— j 

-  dapuifM  aft- 
llna  fonara- 
llan/yarlfy 
natKork 

-  Modi  flat 
launchday 
procadurcs. 

-  tnhancas  launch 
availability. 

-  Staaa  t  staarinf 
taliarad  to 
winds  aloft. 

•  taquirat  day- 
pf-launch 
wind  data. 
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far  tanara- 
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_ 
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Table  C8-10  TIV  Booster  Software 


s/w 

Func  t ion 

T34D/TS 

Baseline 

TIV 

Net 

Increase 

New/Modified  Items 

G&N 

(PRD  Vol  I) 

4,830 

+80  Inst 
+120  Data 

No  Change 
+100  Inst 

-503  Inst 
-88  Data 

-291  Net  Che 

Stage  0  Pitch/Yaw  Steering 
as  Function  of  Altitude. 
Modify  PLF  sequence. 

Derive  body  rates  &  accel 
due  to  LASS  L  rate  gyro 
removal . 

Delete  transtage-unique 
equations. 

Flight 
Controls 
(PRD  Vol  II) 

4,400 

■ +45  Inst 

-243  lust 
-121  Data 

-319  Net  ChK 

Modify  equations  affected  by 
LASS,  rate  gyro  removal. 
Delete  Transtage-unique 
equations . 

Ground 

C/0 

(PRD  Vol  III) 

5,038 

+40  Inst 
+5  Data 

+20  Inst 
+5  Data 
+20  Inst 
+5  Data 

+95  Net  Chg 

Modify  existing  uplink  rou¬ 
tine  to  accept  winds  aloft 
derived  Stage  0  steering 
parameters. 

Vehicle  checkout  affected 
by  rate  gyro  deletion. 

Add  logic  to  verify  uplink 
parameter  load. 

Other  Pro¬ 
gram  Data 
Spare 
Locations 

li 

No  Change 
+515 

(11.4X  of  Memory) 

Total 

16,384 

16,384 

C8.2.7  Centaur 


The  TIV  Centaur  Is  the  NASA  STS  Centaur  G  Prime  design  modified  to  fly 
various  Earth-orbit  missions  and  to  interface  with  the  satellite  vehicle, 
core  vehicle,  and  Launch  Complex  (LC)-41. 

Modifications  to  the  Centaur  G  Prime  include  structural  modifications  to 
interface  with  the  core  vehicle  and  the  SVs;  propulsion  modifications  to 
provide  sufficient  commodities  for  a  three-Larn  mission  and  to  fit  launch 
complex  orientation;  and  avionics  modifications  to  perform  multiburn 
missions  and  meat  tracking  and  range  safety  requirements.  Software 
modifications  account  for  the  differences  in  configuration  and  mission 
profile  between  TIV  and  STS  Centaur  vehicles. 

Table  C8-11  is  a  sumnary  of  the  modifications  required  to  achieve  the  TIV 
Centaur  configuration.  The  Centaur  G  Prime  forward  adapter  is  replaced 
with  the  Centaur  G  forward  adapter  that  is  lengthened  approximately  17 
in.  The  G  adapter  accommodates  the  three  SV  mechanical  attachment 
interfaces,  and  the  modification  incorporates  provisions  for  Che  forward 
bearing  reactor  (FBR)  system.  An  interstage  adapter  (ISA),  based  on  the 
Titan  IIIE/Centaur  D'-IT  design,  provides  the  interface  with  the  core 
vehicle  and  Che  linear-shaped  charge  (seme  as  used  on  Titan  IIIE/Centaur 
D-IT)  separation  system.  The  LH2  tank  insulation  system  is  modified  to 
take  advantage  of  the  reduced  TIV  thermal  environment  as  compared  to  the 
STS  operation.  One  of  Che  two  layers  of  polyimide  foam  blankets  used  on 
Centaur  G  Prime  is  removed,  resulting  in  a  weight  reduction  of  30  lb. 

TIV  Centaur  multiburn  missions  require  an  additional  hydrazine  tank  and 
two  additional  helium  storage  bottles  compared  to  G  Prime.  The  hydrazine 
tank,  support  system,  and  piping  designed  for  Centaur  G  are  incorporated 
into  the  TIV  Centaur.  The  two  26-in. -diameter  helium  bottles  do  not  fit 
within  the  space  limitations  of  the  engine  compartment  and  are  located 
external  to  the  LO2  tank  and  are  supported  from  LO2  tank  fore  and  aft 
rings.  Piping  modifications  are  made  Co  connect  the  added  tanks  to  the 
existing  two  helium  tanks  in  the  Centaur  G  Prime  pressurization  system. 

For  STS  operation,  all  umbilicals  are  routed  to  disconnect  panels  adjacent 
to  the  separation  plane  where  they  mate  with  systems  on  the  Centaur 
integrated  support  system  (CISS).  For  TIV  operation,  umbilicals  are 
reoriented  to  be  compatible  with  the  launch  complex.  Along  with  the 
reorientation,  a  95-lb  weight  savings  (95-lb  payload  gain)  is  realized  by 
eliminating  the  external  fuel  and  oxidizer  fill  and  drain  piping  Co  the 
CISS  interface  and  using  tank-mounted  disconnects  at  the  tank  penetrations 
as  used  on  Titan  IIIE/Centaur  D-IT  vehicle.  An  additional  weight  saving 
is  realized  by  deleting  the  zero-g  vent  systems  from  Centaur  G  Prime  and 
using  Centaur  D-IT  vent  systems.  Deleting  the  LH2  thermodynamic  vent 
system  and  the  LO2  jet  pulse  mixer  results  in  a  135-Ib  weight  savings 
(135~lb  payload  gain). 

TIV  Centaur  draws  heavily  from  the  STS  Centaur  G  and  G  Prime  vehicles. 

Both  of  those  vehicles  are  scheduled  to  complete  development  and  fly 
missions  in  one  and  two  years,  respectively,  before  Che  initial 
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Table  C8-11  Modifications  to  Centaur  for  TIV 


Onifn  Modi(ieMi«n 

Oatcription 

Oaiifn  Impact 

Parlormanca  Impact 

OBtiffft  LimitatlAAi/ 
COflftrBlAU 

Fofwird  Adapiar 

Raplaca  with  Imtih- 
anad  G  adapter  with 
preabiani  lor  FSR. 

lACfMM  cylifMdtr  tac* 

by  AMpfOB  17  iA. 
AM  FSA  wppt  li 
rmnam9  tf«i«  iMpport 

Batalina  for  SLV-X 

Mountbit  Space  for 
Added  Arionbt  Com- 
ponantt  a  FBR  load- 
bit 

Ifitamat*  Adipl'r 

Naw  adapter  timilar 
to  Cattiaar  ^IT  with 
ordnance  Mparation 
cyitam  a  State  II 

intarlaea. 

Strantthan  adapter  for 
hither  load^  radatbn 
umbilical  aupporti.  a 
tact  umbilical  a  mpp 
ration  ayatam. 

Wabht  Raduetion 
«1S04b  Payload 

Nona 

LHj  Tank  Inwilation 

Ramom  oiw  layer  of 
loam. 

Radiation  Shield 
Gcamapy  Chaniaa 

Wabht  Raduetion 
♦3040  Payload 

None 

Ineraaai  Hydraiina 
CaiMeity 

Ineorp  atcand  Cantaur 
C  hydraiina  tank. 

Cciatini  Cantaur  C 
Oacitn 

Baaallna  for  SLV-X 

Nona 

IncmaM  Hatatini 
Capaeltv 

Add  two  IMn.  dia 
halaim  tpharai. 

Support  Struelura  a 
Fipo  Routint 

Bmafina  lor  SLV-X 

Locata  aatamd  to 
the  LO2  lank.  Verify 
tank  captbUity. 

Wa^laca  FUl/Orain  a 

Oaluta  oatarnal  pipe 

Umbilical  Chutac  in 

Wabht  Reduction 

Uta  O-tT  umbilieal 

OHm^  Syt  wifh  0-1T 
Umbilical  Sytlam 

a  tiac  tankanountad 
dbeannaett. 

Payload  Fabint 

a«S4b  Payload 

datbo  oancaptA  Tad 
to  rartf  y. 

U«  0*1T  Vent  Syc' 

Oatata  internal  a  OK« 

Payload  Pabint  Vanl 

wabht  Raductioo 

.  Ulh  0-1T  vwitbtt  da- 

•amt 

tarnal  taro  t  aont 

0,"e  Ml 

Pbi  a  ISA  PaiMtralion 

♦135-lb  Payload 

Oalaw  STS  Uwlmia 
Aataaiei  fachafac 

i! 

Wbbit.  Ham.op^  Rout- 
ini,  a  8o4  Mouniint 

Baadina  for  SLV-X 

VarNy  mhtion  tcau 
racy  wkli  no  atttauda 
•dMdata. 

AM  Pv«o  Fbint 
OratittforSV 

Rapiaca  PlCUi  wMi 
PYCc. 

PYCtharomora 

dhannala. 

Baodina  for  SLV-X 

Nona 

AM  CbaM  Trachinf 
Capability 

Add  C  band  ayatam 
fimilar  te  Carttaor 

0-1T  a  0>1A. 

Wbint.  Hatwap,  Rout- 
bit.  a  Boa  Moumbit 

Baaifbia  for  SLV-X 

Proaidaa  ISdB  min 
aitnal-to  noba  ratio 
batwaa^i  wa^ii^do 

vadiint  yraond 
ctation  throuth  park 
orbit  inaartlon. 

AM  Manta  Safaty 

Add  racenrarc,  antan- 

Wbint,  Ham  aw.  Rout* 

BaMbia  for  SLV-X 

Space  ter  moiifitlnt 

Commind  Capability 

>a^  batter  be,  A 
dcatroat  padcata. 

bit,  a  Boa  Moumbit 
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op«rational  capability  for  TIV.  The  limited  modifications  required  for 
TIV  to  the  STS  G  and  G  Prime  versions  of  Centaur  minimize  the  technical 
risk  associated  with  the  Centaur  upper  stage. 

The  TIV  upper  stage  baseline  combines  the  Centaur  G  Prime  tanks, 
structure,  and  propulsion  with  Centaur  G  forward  adapter  and  avionics. 

The  Centaur  G  Prime  tanks  and  engines  are  used  without  change  (Fig.  CS-19). 

The  Centaur  G  forward  adapter,  which  includes  the  required  multiple 
satellite  vehicle  (SV)  mechanical  attachments,  will  be  lengthened  to  clear 
the  LH2  tank  doioe  and  will  be  installed  on  the  Centaur  G  Prime  tank 
structure.  A  modified  Titan  HIE  Centaur  D-IT  interstage  adapter  (ISA) 
will  provide  the  interface  with  the  booster  Stage  II  and  include  the 
ordnance  system  for  separating  the  Centaur  stage.  Electrical  and  fluid 
umbilicals  will  be  modified  t>  be  compatible  with  the  orientation  of  the 
vehicle  on  Launch  Complex  41. 

The  TIV  Centaur  stage  design  is  based  on  proven  hardware  and  software 
developed  for  the  Centaur  G  and  G  Prime  vehicles.  Figure  C8-20  shows  the 
TIV  Centaur  configuration  with  major  subsystems  and  features  identified. 

The  stage  is  29.3-ft  long  with  a  maximum  diameter  of  170  in.  Dry  weight 
of  the  stage  is  6,120  lb,  and  loaded  weight  is  52,585  lb.  Major  hardware 
items  are  summarized  in  Table  C8-12. 

The  stage  uses  LO2  and  LH2  cryogenic  propellants  with  two  Pratt  and 
Whitney  RL10A-3-3A  engines  delivering  16,500-lb  thrust,  each  with  an  I^p 
of  446.3  s.  The  pressure-stabilized  tanks  are  of  welded  high-strength 
stainless  steel  construction  with  propellant  capacity  of  approximately 
46,000  lb.  The  hydrazine  reaction  control  system  (RCS)  consists  of  twelve 
6-lb  thrust  units  and  two  positive  expulsion  tanks  with  340-lb  hydrazine 
capacity. 

The  stage  is  attached  to  the  TIV  core  vehicle  through  an  interstage 
adapter.  The  LH2  tank  insulation  system  consists  of  a  single  3/4-in. 
polyimide  foam  blanket  with  aluminized  Kapton/f iberglass  laminate 
radiation  shield. 

Missions  specified  require  a  three-burn  capability  for  TIV  Centaur  and 
derive  requirements  for  additional  helium  pressurant  and  hydrazine  RCS 
propellant . 

The  TIV  Centaur  uses  the  OOD  STS  Centaur  G  avionics  system  with  minor 
augmentations  to  meet  range  requirements.  Use  of  the  Centaur  G  avionics 
system  (which  is  configured  to  meet  DOD  requirements)  for  the  TIV  Centaur 
assures  compliance  with  DOD  functional  requirements.  The  TIV  Centaur 
avionics  system  includes  electrical  power,  guidance,  navigation,  control, 
instrumentation,  secure  telemetry,  tracking,  and  range  safety  command 
destruct  subsystems.  The  system  (Fig.  C8-21)  is  configured  around  the 
digital  computer  unit  (DCL),  the  inertial  reference  unit  (IRU),  the 
sequence  control  unit  (SCU),  and  the  servo  inverter  unit  (SIU). 

Propellant  use  and  tank  venting  and  pressurization  are  also  controlled  by 
the  avionics  system. 
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Table  C8-12  STS  Centaur  can  be  adapted  for  TIV  with  only 
limited  oiodif ications 


Comoonent/AsstniblY 

umai 

Modifications 

Raoul  red 

SuDol ler 

Propellant  Tanks 

120-1n.  Ola  LO,  & 

170-in.  Oia  LHn 

Pressure-Stabilized 

Tanks 

One  Set 

STS 

Centaur 

G  Prime 

None 

GDC 

Main  Engines 

16,500  Ibf  at  446. 3S 
’sp 

Two 

STS 

Centaur 

G  Prime 

None 

Pratt  4 
Whitney 

Forward  Adapter 

Modified  Centaur  G 

One 

STS 

Centaur 

G 

Add  16.88  in.  to 
Length  S  Prov.  for 
FBR;  Delete  Truss 
Supt  Sys 

GDC 

Aft  Adapter/ 
Interstage  Adapter 

Cylindrical  Structure 
between  LO  Tank  & 

Stage  II  with  Sep  Sys 

One 

T-IIIE 

0-1T 

Reduce  Length  & 
Strengthen  for 

TIV  Loads 

GDC 

Tank  Insulation 
System 

Purged  Foam  Insulation 
with  Radiation  Shield 

One 

STS 

Centaur 

G  Prime 

Remove  One  Layer 
of  Foam 

GDC 

Reaction  control 
System 

Hydrazine  with  Twelve 
6-1 bf  Thrusters  & 
340-lbM  Propellant 
Capacity 

One 

STS 

Centaur 

G  Prime 

Increased  Hydra¬ 
zine  Storage  Same 
As  Centaur  G 

GDC 

Fluid  Umblllcals 

Piping  &  Disconnects 
Interfacing  with 

Ground  Systems 

One 

T-IIIE 

0-1T 

Reroute  Piping  & 
Relocate  Discon¬ 
nects 

GDC 

Avionics  System 

Computer-Controlled 
Inertial  System  with 
Battery  Power,  C-Band 
Tracking,  Encrypted 

PCM  Telemetry,  6  Range 
Safety  Command 

One 

STS 

Centaur 

G 

Use  Centaur  G  Sys 
with  C-Band  & 

Range  Safety 
Command  Destruct 
From  Centaur  G-lA 

GDC 

Flight  Software 

Modularized  Software 

In  Which  Each  Module 
Performs  Specific 
Functions 

One 

FTS 

Centaur 

G 

Use  Cent.iur  G  Sys 
with  STS'Unique 
Modules  Deleted  & 
Specific  Modules 
for  Configuration 
&  Mission 

GDC 

Seven  pyrotechnic  initiator  control  units  (PICU)  in  the  Centaur  G  system 
are  replaced  with  a  like  number  of  pyrotechnic  control  units  (PYC)  used  in 
the  Centaur  D-lA.  PYCs  provide  more  ordnance  firing  channels  for  the  SV 
interface  and  are  lighter  than  PICUs.  PICU  additional  safety  circuitry 
and  telemetry  interfaces  required  for  STS  operation  are  not  necessary  for 
TIV.  The  C-band  tracking  system  and  the  range  safety  command  destruct 
system  from  the  Centaur  D-IA  are  added  to  provide  ground  tracking  and 
range  safety  control  capability.  Mounting  provisions  are  included  for 
three  150-Ah  batteries  and  a  power  transfer  unit  for  spacecraft  power. 
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The  TIV  Centaur  uiet  the  basic  Centaur  G  software  system  and  flight 
modules.  Modifications  to  software  modules  account  for  the  vehicle 
configuration  and  mission  differences  between  Centaur  G  and  TIV  Centaur. 
STS-unique  modules,  such  as  navigation  update,  strapdown  torqulng, 
attitude  update,  and  predeplojrment  check,  are  removed  for  TIV  Centaur. 

TIV  Centaur  software  module  derivation  la  shorn  in  Table  C8-13.  The  table 
identifies  the  modules  that  (1)  normally  require  mission-peculiar 
modification;  (2)  are  unique  to  TIV  Centaur;  (3)  are  common  to  Centaur  G 
and  TIV  Centaur;  and  (4)  are  deleted  from  the  Centaur  G  baseline. 

The  flight  software  is  structured  in  modules  where  each  module  performs  a 
unique  function.  Individual  modules  are  selected  from  a  configuration 
controlled  library  and  assembled  into  an  integrated  flight  program.  Table 
C8-14  lists  the  flight  modules  for  an  TIV  geostationary  mission  with  their 
estimated  DCU  memory  requirements.  Target  orbit  constants  (such  as 
apogee,  perigee,  inclination)  are  loaded  into  the  DCU  from  a  constants 
tape.  This  permits  the  generalized  guidance  equations  to  accomplish  a 
broad  range  of  missions  by  specifying  the  appropriate  target  data.  The: 
sequencer  module  issues  time-related  discretes  for  both  hardware  and 
software.  The  design  is  such  that  most  changes  can  be  accomplished  by  a 
change  of  constants  in  the  sequencer  table. 


Table  v^8-l3  Flight  software  requires  minimum  change 
from  STS  Centaur  G  baseline 


Function 

Mission 

Peculiar 

Mod 

for 

TIV 

TIV/G 

Common 

Operating  System 

•  I/O,  Discretes,  Executive, 

Math  Routines 

X 

Navigation  Functions 

-  Navigation 

X 

-  Navigation  Update 

Delete 

-  Platform  Rotation 

X 

-  Strapdown  Torquing 

Delete 

-  Attitude  Update 

Delete 

-  Accelerometer  Bias 

Calibration 

X 

Guidance  Functions 

-  Powered  Phase 

X 

-  Coast  Phase 

X 

-  Post  Injection 

X 

-  Stearins  Interface 

X 

Autopilot  Functions 

-  Attitude  Error  &  DDR 

X 

-  Powered  Phase 

X 

-  Coast  Phase 

X 

Sequencing  Functions 

-  Sequencer 

X 

-  Discrete  Priority 

X 

Vehicle  Controls  &  Monitors 

-  CCVAPS 

X 

'  Propellant  Utilisation 

X 

-  Hydrazine  Monitor 

X 

Telemetry 

-  PCM  Forii^tter 

X 

-  Submultiplex  Formetter 

X 

-  Antenna  Selection 

X 

-  Telemetry  Recovery 

X 

-  Vehicle  Telemetry 

X 

Flight  Initialization 

X 

Slack  Task 

X 

Predeployment  Checks 

Delete 

Constants 

X 

Table  C.8-14  TIV  Centaur  aoftware  uaee  modulea  from 
configuration-controlled  library 


Core  Storage  Required, 
Memory  Celia  _ 


Flight  Module 

Nonalterable 

Alterable 

Attitude  Error  &  DDR 

133 

19 

Coast  Autopilot 

305 

51 

Coast  Guidance 

576 

67 

Nonalt  Constants  &  Sequence  Data 

Table 

1 ,356 

0 

Computer-Controlled  Vent  & 

Pressurization 

889 

150 

Flight  Initialization 

174 

1 

Powered  Guidance 

1,689 

253 

Hydrazine  Monitor 

72 

12 

Navigation 

536 

142 

Powered  Autopilot 

234 

35 

Vehicle  Telemetry 

250 

0 

Post  Injection 

135 

3 

Platform  Rotation 

149 

22 

Propellant  Utilization 

269 

31 

Discrete  Priority 

77 

1 

Operating  System 

1,400 

640 

Steering  Interface 

776 

118 

Telemetry  Recovery 

100 

100 

Vehicle  Sequencer 

1,112 

53 

Antenna  Selection 

250 

5 

Accelerometer  Bias  Calculation 

160 

25 

Slack  Task 

22 

5 

PCM  Telemetry  Formatter 

1,024 

0 

Telemetry  Formater 

(Submultiplexer) 

192 

679 

Total 

11,880 

2,412 

Available 

12,288 

4,096 
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C8.2.8  P>ylo><l  Fairing  (PLF) 


The  TIV  payload  fairing  (PLF)  is  an  all-metal  structure  of  isogrid 
construction. 

The  PLF  is  200  in.  in  diameter  and  86  ft  long  (maximum)  and  weighs  12,076 
lb,  including  1,089  lb  of  acoustic  blankets. 

The  PLF  is  required  to  provide  Shuttle  bay  equivalency  with  optional 
lengths  to  accommodate  20-  to  40-ft-long  payloads  and  to  satisfy  paylcrad 
and  Centaur  requirements. 

The  PLF  is  a  trisector  design  that  consists  of  two  primary  sections 
(Centaur  and  payload  compartments),  a  biconic  nose,  and  a 
contamination-free  thrusting-joint  separation  system  (Fig.  C8-22). 

The  fairing  is  constructed  of  aluminum  isogrid. 

Nose,  cylinder,  and  aft-body  sections  bolt  together  to  form  three  fairing 
segments  that  run  from  nose  to  tail.  These  segments  are  mated  together  by 
the  fairing  separation  system  in  the  same  manner  as  the  Titan  34D 
fairing.  In  flight,  an  ordnance-initiated  gas-bellowr  expands  and 
separates  the  fairing  into  three  sections  and  provides  the  required 
separation  velocity.  The  major  design  changes  from  Titan  34D  are  the 
addition  of  a  strand  of  linear  charge  and  additional  and  larger  separation 
studs  at  the  base  section.  Chutes  will  be  pj'ovidsd  co  house  Centaur 
umbilical  lines  for  air  conditioning,  electrical  lines,  and  propellant 
fill  and  drain. 

C8.2.9  Payload  Environments 

TIV  payload  environments  are  equivalent  to  or  more  benign  than  the 
STS/Centaur  environments. 

TIV  is  designed  to  produce  payload  environments  equal  to  or  less  severe 
than  those  experienced  on  the  Shuttle.  Figure  C8-23A  compares  the  payload 
acoustics  environment  for  TIV  with  the  system  specification  requirement 
and  the  STS  levels.  The  predicted  TIV  levels  are  below  both  the  STS  and 
the  required  specifications.  The  overall  level  of  136.1  dB  versus  the  STS 
value  of  138.0  dB  assures  the  payload  an  TIV  level  that  is  within  the 
design  limits  for  STS. 

The  shock  level  induced  on  the  payload  by  the  separation  shock  events  is 
the  same  for  TIV  as  a  payload  would  experience  on  STS/Centaur.  Figure 
C8-23B  shows  tht  :  the  shock  level  for  the  TIV  will  peak  at  2000  g's  at 
approximately  3000  Hs,  which  is  lower  than  the  7500  g's  a  payload  must 
withstand  if  frying  on  the  STS/IUS. 
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The  thermal  environment  produced  by  the  TIV  is  moderate  when  compared  to 
the  STS.  Figure  C8-23C  compares  the  TIV  and  STS  prelaunch  and  flight 
payload  thermal  environments.  The  TIV  prelaunch  environment  is.  selectable 
over  the  range  of  50  to  80*F.  The  internal  wall  temperature  of  the  PLF 
reaches  a  moderate  maximum  temperature  of  98*F  at  the  250s  PLF  jettison 
time.  This  compares  to  the  150  to  210*F  orbiter  payload  bay  temperature 
that  a  payload  must  experience  for  a  minimum  of  1  h  and  up  to  3  h  before 
the  bay  doors  are  open.  The  free  molecular  heating  rate  at  time  of  PLF 
jettison  will  be  less  than  the  nominal  value  of  100  Btu/h-ft^.  The 
thermal  orientation  during  park  and  transfer  orbits  is  selectable  by  the 
user  and  provides  flexibility  in  keeping  the  payload  at  moderate 
temperatures. 

The  reduced  exposure  time  and  contamination  sources  of  TIV  minimize  the 
contamination  concern  for  the  payload  (Fig.  C8-23D). 

The  TIV  Stage  II  retrorockets  are  approximately  43  ft  aft  of  the  TIV/SV 
interface,  and  the  payload  will  be  blocked  from  the  impingement  by  the 
14-ft  diameter  of  the  Centaur.  The  remainder  of  the  flight  is  similar  to 
the  free-flight  portion  of  the  STS/Centaur  mission. 

Figure  C8-23E  compares  the  pressure  decay  rates  of  the  payload 
compartments  for  the  TIV  and  the  STS.  Because  the  STS  vent  door  does  not 
open  until  10  s  into  flight,  the  STS  maximum  decay  rate  of  0.5  psi/s  is 
calculated  for  the  TIV.  Therefore,  payloads  that  can  tolerate  the  STS 
rate  will  be  compatible  with  the  TIV  pressure  decay  rate. 

The  limited  number  of  RF  sources  (Fig.  C8-23F)  on  the  TIV  simplifies  the 
EHC/EKI  concerns  for  the  user.  While  the  Shuttle  uses  numerous 
transmitters  and  antennas,  the  TIV  will  employ  only  the  BV  S-band,  the 
Centaur  S-band  and  the  Centaur  C-band  sources.  The  maximum  expected  level 
of  11.3  V/ffl  for  the  TIV  is  lees  than  the  18.0  V/m  expected  on  the  STS. 

Dynamic  loads  are  another  environment  that  is  a  Concern  to  the  user. 

Figure  C8-23G  provides  flight  event  load  factors  for  the  TIV  payloads. 

The  -3.2-g  axial  load  factor  for  the  STS  is  more  severe  than  the  -3.0  g 
for  the  TIV,  while  the  lateral  load  factors  are  identical.  Other  TIV  load 
events  are  potentially  less  severe  than  STS  loads.  Satellite  vehicle 
basic  structures  designed  to  withstand  the  STS  loads  will  be  compatible 
with  the  TIV. 

C8.2.10  Payload  Interfaces 

TIV  uses  interface  hardware  identical  to  the  STS/Centaur  G.  The  TIV 
payload  mechanical  and  electrical  interfaces  are  essentially  identical  to 
those  provided  on  the  STS/Centaur  G.  The  three  options  for  the  mechanical 
payload  adapter  Interfaces  of  the  TIV  are  presented  in  Figure  C8-24A. 

The  eight-hole  pattern  accommodates  payload  designed  for  either  the 
Trai stage  or  the  lUS. 
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The  physical  access  to  the  electrical  interfaces  is  provided  by  the  10 
electrical  interface  connectors  listed  in  Figure  C8-24B.  These  connectors 
provide  the  interface  for  the  mission-unique  harness. 

The  electrical  interfaces  are  sunmarized  in  Figure  C8-2AC.  The  TIV 
provides  electrical  interfaces  for  payload  power,  comnunications , 
discretes,  ordnance  firing,  telemetry,  and  power  and  data  to  the  payload 
AGE  through  a  TIV  umbilical. 

TIV  acconinodates  up  to  8.4  kWh  total  of  SV  electrical  power  compared  to 
the  requirement  of  6.0  kWh.  This  power  is  provided  by  three  batteries 
that  are  single-failure  tolerant,  and  weight  of  the  batteries  is 
chargeable  to  the  SV. 

To  provide  event  command  to  the  payload,  the  TIV  has  the  capability  to 
issue  up  to  16  discretes.  Those  discretes  can  be  referenced  to  mission 
time  or  to  other  mission  events.  The  TIV  also  provides  10  primary  and  10 
backup  ordnance  firing  circuits  to  activate  payload  pyrotechnics.  Details 
of  the  discrete  and  the  ordnance  power  are  shown  in  Figure  C8-24C. 

C8.2.11  TIV  Mass  Properties 

There  is  high  confidence  in  mass  property  predictions  because  80%  of  the 
TIV  dry  weight  is  based  on  extensions  to  existing  systems. 

Table  C8-15  summarizes  TIV  weights  and  percent  change  from  previous 
existing  Titan  programs.  As  shown,  the  TIV  lift-off  weight  is  1,910,499 
lb  and  represents  an  Increase  of  approximately  25%  over  a  typical  Titan 
34D  launched  from  CCAFS. 

Table  C8-15  TIV  Weights  and  Percent  Changes  from  Previous  Existing 

Titan  Programs 


System 

Existing  Titan  Wt.  lb 

TIV-X  Wt. 

lb 

Existing 

System, 

% 

Item 

Total 

Item 

Total 

SRM 

1,104,038 

1,390,772 

-  Dry  Wt 

157,088 

188,518 

83 

-  Expendables 

946,950 

1,202,254 

Core  (Step  1) 

314,136 

3:,9,155 

-  Dry  Wt 

16,270 

18,395 

88 

-  Expendables 

297,866 

340,760 

Core  (Step  2) 

74,101 

85,913 

-  Dry  Wt 

6,280 

8,871 

71 

-  Expendables 

67,821 

77,042 

Centaur  Upper 

34,984 

52,585 

Stage 

-  Dry  Wt 

3,795 

6,120 

62 

-  Expendables 

31,189 

' 

46,465 

Payload  Fring 

4,759 

12,074 

39 

Satellite 

10,000 

Vechicles 

Total  Vehicle 

1.910.499 
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TIV  mass  properties  comply  with  MIL-M-38310B  requirements.  The  approach 
to  mass  properties  control  for  TIV  is  the  same  as  that  used  on  current 
Titan  programs.  The  TIV  mass  properties  reference  diagram  (Figure  C8-25) 
complies  with  MIL-M-38310B  and  defines  the  step/stage  relationship  used  in 
defining  mass  properties. 

There  is  high  confidence  in  TIV  mass  property  predictions  because  most 
component /assembly  weights  and  dimensions  are  based  on  calculated  or 
measured  values. 


Table  C8-16  Predicted  TIV  Mass  Properties 


WelQht.  1b 

TIV  Otv  weiohts 

Reference 

Measured 

Weight 

Delta 

Weloht 

Total 

Dry 

Weloht 

Remarks 

Step  0  (Solid  Rocket  Motors) 

1S7.088(1) 

(♦31.439) 

188.518 

Note: 

-  S  1/2  to  /-Segment  SRM 

Step  I  (Core  1st  Stage) 

16.270(1) 

♦31.430 

(♦2.125) 

’8.395 

(1)  Reference  weights 

-  Oxidizer  &  Fuel  Tank  Stretch 

-  Structural  Beef-Up 

-  SRH  Attach  Kit  Removal 

Step  II  (Core  2nd  Stage) 

5.972(1) 

♦759(2) 

♦1.507(3) 

-141 

(♦2.899) 

8.871 

extracted  from  T340  RGS 
status  report  no.  13 
(MCR-80-113). 

(2)  Estimate  based  on  51.2 

-  Forward  Skirt  Stretch  &  Beef -Up 

-  Oxidizer  &  Fuel  Tank  Stretch 

-  Structural  Beef-Up 

•  SRh  Attach  Kit  Addition 

-  Centaur  I/F  Hardware 

-  Transtage  IGS  &  Power  Gen 

-  Instrumentation  Additions 
"  PLF  Backup  structure 

-  Separation  &  Oestruct  Hoods 

-  Thermal  Barrier 

-  Ablative  Skirt  &  SX  Thrust  Inc 
Payidad  Fairing 

-  «6  ft  by  16.7  ft  dia 

4.759 

♦932(4) 

♦157(5) 

♦796(3) 

♦  174 
♦213 
♦132(6) 
♦17(7) 
♦297 
♦14(8) 
♦135(8) 
♦32 

♦7.315(9) 

12.074 

In.  Increase  In  Oxidizer 
tank  length  and  43.8  In. 
Increase  In  fuel  tank 
lengths. 

(3)  Estimate  based  on 
required  P^Q/stress 
analysis  betf-up. 

(4)  Estimate  based  on  skirt 
stretch  of  43.1  In. 

(5)  Estimate  based  on  9-1n. 
Increase  in  Oxidizer 
tank  length  and  8-1n. 
Increase  in  fuel  tank. 

Step  III  (Centaur  Upper  Stage) 

6.570(10 

-450 

6.120 

(6)  Extracted  from  Titan  340 

-  Cedtaur  Weight  Reductions 
Satellite  Vehicle 

10.000(12) 

-450(11) 

10.000 

Transtage  weights  for 

IGS  &  power  generation, 
Includes  2nd  truss. 

(7)  RGS  modified  to  include 
ffllnltruss. 

(8)  Based  on  Titan  23E 
weights. 

(9)  Estimated  based  on 

Titan  340  standard  fair¬ 
ing  (10  1/2-ft  dia) 
Isogrid. 

(10)  Centaur  G  Prime  Control 
Weight. 

(11)  Estimate  based  on 
centaur  G  Prime  weight 
reductions. 

(12)  Spec  required  for  GSO 
mission. 

C8-30 


Weight  growth  is  included  in  the  performance  inargin  calculations  and  were 
established  for  dry  weight  as  defined  in  Table  C8-17.  Because  extensions 
to  existing  hardware  are  used,  the  delta  weights  between  the  existing 
design  and  new  TIV  design  are  known.  To  protect  against  uncertainties, 
weight  growths  of  up  to  13%  fur  new  or  modified  TIV  designs  are  provided. 
Based  on  previous  Titan  experience,  their  growths  are  more  than  adequate. 
However,  because  Centaur  weight  growths  translate  almost  directly  to 
payload  capability  and  only  a  4%  growth  is  provided  for  Centaur,  the 
Centaur  dry  weight  has  been  identified  as  a  medium  risk  to  the  TIV  program. 


Table  C.8-17  TIV  Weight  Growth  Values 


Weight  Growth 

Previous  Titan 

TIV 

Concept-to 

Delta 

New 

Wt 

Item  Dry  Weight 

Actual  Percentage 

Wt.  lb 

Design,  % 

Growth,  lb 

Step  0  (SRM) 

1 

31,430 

11 

Step  I 

6 

2,125 

7* 

Step  II 

A 

2,591 

9* 

223 

Step  III  (Transtage) 

7  (Info) 

- 

- 

- 

Payload  Fairing 

No  Growth 

7,315 

13 

966 

Step  III  (Centaur) 

No  Growth 

2,325 

4 

100 

^Resultant  percent  b< 

ised  on  10%  of  TIV  nc 

!W  design  without  bt 

irrel  length 

weights  included. 
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C8.3  MISSION  SCENARIO 
C8.3.1  Performance 

The  TIV  exceeds  the  required  payload  weight  capability  requirement.  The 
TIV  nominal  payload  weight  capability  is  10,565  lb  for  the  GSO  mission; 
17,819  lb  for  the  12-hour  inclined  mission;  10,918  lb  for  the  2A-hour 
inclined  mission;  and  10,565  to  12,790  lb  for  the  mission  range  of  final 
orbit  eccentricity  and  inclination  as  shovm  in  Figures  C8-26A  and  C8-26B. 
This  exceeds  the  minimum  required  performance  and  includes  allowances  for 
flight  performance  reserve,  launch  temperature  variations,  3-DOF  to  6-OOF 
simulations  variations,  and  capability  excess  for  class-to-TAG  vehicle 
variations.  The  specification  columns  in  Figure  C8-26A  present 
performance  for  missions  specified  in  the  RFP.  Alternate  missions 
consider  conditions  listed  in  the  bottom  of  the  table.  Alternate  1  for 
the  12-hour  inclined  mission  used  a  launch  azimuth  that  minimizes  range 
safety  hazards  by  positioning  the  impact  points  farther  from  the  east 
coast  and  through  less  dense  population  areas  on  the  European  continent. 
Alternate  2  used  the  same  launch  azimuth  but  imposes  an  argument-of- 
perigee  constraint  of  270  degrees.  The  alternate  for  the  24-hour  inclined 
mission  also  used  a  different  launch  azimuth  and  part  orbit  inclination. 

A  3-DOF  trajectory  optimization  program,  incorporating  Titan  IIIC  and 
Titan  34D/Trans tage  trajectory  shaping  concepts,  was  used  for  performance 
determination. 

The  flight  performance  reserve  (FPR)  3-DOF  analysis  considered  11  major 
vehicle  dispersions  based  on  previous  Titan  studies  and  an  allowance  for 
lesser  effect  items  not  simulated.  For  each  dispersed  booster  vehicle 
parameter,  the  change  in  Centaur  first-bum  propellant  was  determined. 
These  were  adjusted  for  3-DOF  to  6-DOF  simulation  effects  and  made 
equivalent  to  Centaur  third-burn  propellant.  Figure  C8-26C  shows  these 
quantities  and  the  resulting  FPR  for  the  three  missions. 

A' contingency  allowance  for  growth  and  analysis  is  shown  in  Figure 
C8-26D.  The  boost-vehicle  weight  growth  is  approximately  lOX  of  the 
modified  structure  for  SRMs,  Stages  I  and  II,  and  PLF.  The  analysis 
contingency  for  the  SRMs  is  equivalent  to  a  1/2-sigma  dispersion  in  web 
action  time;  the  liquid  rocket  engines  are  approximately  50Z  of  the 
performance  improvements  in  Stage  II  thrust  from  Titan  34D.  Total  Centaur 
contingency  is  100  lb.  These  contingency  values,  when  combined,  provide 
the  total  TIV  concept-to-design  values  at  the  bottom  of  the  table. 

Combining  the  FPR  and  contingency  requirements  with  reserves  for 
target-to-le.unch,  3-DOF  to  6-DOF  simulation  differences,  and  class-to-TAG 
effects,  the  total  Centaur  propellant  margin  requirements  are  as  shown  in 
Figure  C8-26E.  The  effects  these  requirements  have  on  payload  weight 
capability  are  included  in  Figure  C8-Z6A. 
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C8.3.2  24-Hour  Geoatationarv  riission 


The  TIV  configuration  and  mission  profile  data  established  as  the 
performance  baseline  for  the  24-hour  geostationary  mission  are  defined  in 
Figure  C8-27A.  The  lofted  profile  of  the  TIV  allows  separation  of  the 
payload  fairing  during  Stage  I  burn  and  compliance  with  all  of  the  Figure 
C8-27B  guideline  constraints.  The  angle  of  attack  and  dynamic  pressure 
constraints  at  Stage  0/1  separation  are  values  currently  used  on  other 
Titan  programs.  The  aerodynamic  heating  indicator  (AHI)  limit  of  100  x 
10^  ft-lb/ft  is  10  to  151  lower  than  the  value  for  other  CCAFS  Titan 
launches.  This  is  to  ensure  that  a  dispersed  heating  profile  will  be 
within  design  capability.  The  900-psf  maximum  dynamic  pressure  constraint 
is  compatible  with  the  hardware  design  and  was  selected  to  satisfy  the 
air-load  indicator  design  constraint  guideline  of  (Q^)  1000  psf-deg  for 
a  nominal  6D  vehicle  simulation  incorporating  winds.  The  1000-psf- 
deg  guideline  minimizes  structural  weight  required  by  aerodynamic  loads. 

Figures  C18-27C  and  C8-27D  provide  time,  altitude,  and  velocity  data  for 
the  GSO  mission  boost  and  orbit  trajectories.  This  trajectory  is  similar 
to  other  Titan  program  trajectories  except  that  it  separates  the  payload 
fairing  in  Stage  I  and  exhibits  a  slightly  more  lofted  profile. 

The  guidance  injection  accuracy  data  of  Figure  C8-27E  are  from  the  GDC 
proposal  and  incorporate  a  A-fps  velocity  uncertainty  to  account  for 
system  performance  dispersion  effects. 

The  TIV  ground  track  for  the  geostationary  mission  is  provided  in  Figure 
C8-27F  (boost  flight)  and  Figure  C8-27G  (orbit  flight).  This  ground  track 
is  similar  to  those  of  other  Titan  GSO  missions  and  compatible  with 
requirements  for  range  safety  flight  plan  approval.  The  vacuum 
instantaneous  impact  points  of  the  jettisoned  bodies  (Figure  C8-27F)  are 
within  safety  requirements  for  the  dray  impact  footprints  for  this  mission 

The  TIV  boost  flight  profile  allows  tracking  station  visibility  for  the 
required  portions  of  flight  with  the  exception  of  the  last  100  s  of  the 
boost  flight  (Fig.  C8-27H).  During  this  time  (Centaur  bum  into  park 
orbit),  the  tracking  station  elevation  angle  is  less  than  5  degrees,  and 
an  ARIA  aircraft  may  be  required  to  support  data  acquisition.  Similarly, 
the  data  of  Figure  C8-27I  show  that  additional  tracking  support  will  be 
required  for  the  Centaur  transfer  orbit  burn  (Centaur  second  burn).  The 
orbit  flight  after  transfer  orbit  inject  through  payload  separation  is 
visible  to  tracking  stations  for  this  first  equatorial  crossing  trajectory 

C8.3.3  Inclined  Missions 

The  baseline  performance  vehicle  for  the  inclined  missions  is  the  same  as 
the  GSO  baseline  identified  in  Section  C8.3.2.  With  the  exception  of 
flight  azimuth,  park  orbit,  and  final  orbit  parameters,  the  mission 
profile  ground  rules  of  Section  C8.3.2  also  apply  to  the  inclined  missions 
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Flgtire  C8-28A  presents  the  boost  ascent  profile  that  is  representative  for 
both  the  12-hour  and  24-hour  inclined  missions,  because  both  missions  use 
approximately  the  same  park  orbit.  The  orbit  profiles  are  different  for 
the  two  missions,  and  they  are  presented  in  Figure  C8-28B  (12-h  mission) 
and  Figure  C8-28C  (24-h  inclined  mission).  The  data  in  Figure  C8-28D  show 
design  trajectories  for  both  the  12-h  and  24-h  inclined  missions  to  be 
acceptable  for  flight  environment  and  vehicle  design.  They  also  provide  a 
performance  capability  that  exceeds  requirements. 

The  Centaur  injection  accuracy  data  for  the  inclined  missions  are 
contained  in  Part  3,  Volume  4,  of  the  proposal  submitted  by  GDC.  These 
injection-accurr.cy  data  incorporate  a  4-fp8  uncertainty  in  velocity  at 
final  orbit  to  account  for  vehicle  performance  dispersions. 

The  boost  and  orbit  ground  trace  (Fig.  C8-28E)  contains  vacuum 
instantaneous  impacts  points  (IIP)  for  the  12-h  mission  with  a  park  orbit 
inclination  of  35  degrees.  Figure  C8-28F  contains  a  boost  and  orbit 
ground  trace  for  a  suggested  alternate  flight  plan  to  the  specified 
12-hour  mission.  The  suggested  alternate  flight  plan  achieves  the 
specified  final  orbit  but  requires  less  overflight  of  land  mass  and  no 
boost  overflight  of  Soviet  Bloc  countries.  Also,  the  impact  of  jettisoned 
bodies  occurs  farther  from  land  masses. 

Figure  C8-28G  presents  a  boost-and-orbit  ground  trace  with  vacuum  IIPs  for 
the  specified  24-hour  inclined  mission.  For  the  same  reasons  that 
pertained  to  the  12h  mission,  we  have  presented  a  suggested  alternate 
24-hour  inclined  mission  that  achieves  the  same  final  orbit  as  the 
specified  mission  but  uses  a  different  park  orbit  inclination.  The  boost 
and  orbit  trace  for  the  24-hour  alternative  mission  is  provided  in  Figure 
C8-28H. 


Figures  C8-28I  and  C8-28J  provide  boost  and  orbit  tracking  station 
elevation  angle  data  for  the  specified  12-hour  mission.  Similar  data  are 
presented  in  Figures  C8-28K  and  C8-28L  for  boost  and  orbit  portions  of  the 
24-hour  inclined  mission.  These  charts  show  that  an  Advanced  Range 
Instrumentation  Aircraft  (ARIA)  or  some  other  tracking  aid  will  be  needed 
to  provide  tracking  coverage  for  some  portions  of  the  mission.  The 
tracking  station  elevation  angle  data  for  the  suggested  alternatives  to 
these  missions  exhibit  only  slight  variance  with  these  data. 

C8.3.4  Mission  Capability 

TIV  payload  capability  to  GSO  and  inclined  orbits  exceeds  STS/Centaur  G 
capability.  TIV  provides  STS/Centaur  equivalent  payload  capability. 

Figure  C8-29  presents  the  equivalence  for  payload  performance,  envelope, 
and  structural  capability.  The  TIV  delivers  10,565  lb  to  a  GSO  as 
compared  to  the  9413  lb  delivered  by  the  STS/Centaur  G  and  the  TIV 
specification  requirement  of  10,000  lb.  TIV  capability  to  a  12-hour  orbit 
inclined  at  63.4  deg  is  17,819  Ib  compared  to  the  STS/Centaur  G  capability 
of  9,459  lb  and  the  TIV  specification  requirement  of  11,500  lb.  The  TIV 
will  deliver  a  10,918  lb  payload  to  a  24h  orbit  inclined  at  65  degrees. 
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TIV  provides  an  allowable  payload  dynamic  envelope  of  15  ft  in  diameter  by 
40  ft  in  length.  This  is  equivalent  to  the  available  STS  envelope  when  a 
payload  uses  the  Centaur  G.  Figure  C8-2^  also  shows  that  there  is 
additional  payload  envelope  in  the  payload  fairing  nose  cone. 

TIV  can  accomnodate  SVs  weighing  5)000-11 ,500  lb  with  the  eg  150  in. 
forward  of  the  TIV/SV  interface,  and  10,000  lb  with  the  eg  160  In.  forward 
of  the  interface.  The  SV  eg  lateral  offset  can  be  up  to  8  inches  from  the 
SV  centerline.  The  STS/Centaur  acconanodates  the  same  SV  mass  properties. 
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Figure  C8-2  TIV  Vehicle  Configuration 
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Figure  C8-6  Several  Alternatives  to  Centaur  G  Prime 
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Figure  C8-8  TIV  Critical  Flight  Events 
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Figure  CS-9  Solid  Rocket  Motor  -  Stage  0 
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Figure  C8-11  TIV  SRM  Aft  Skirt 
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Figure  C8-13  TIV  Stage  I  and  II  Propulsion 
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Figure  C8-17  Wind-Tailored  Guidance  Techniques 
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Figure  C8-24  TIV  Interfaces 


Figure  C8-25  TIV  Mass  Properties  Reference  Diagram 
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APPENDIX  C9 
CENTAUR  G  PRIMS 


C9.0  INTRODUCTION 

The  following  data  were  extracted  from  the  National  STS  Program  Document 
"Space  Shuttle  Data  for  Planetary  Mission  Radioisotope  Thermoelectric 
Generator  (RTG)  Safety  Analysis,"  JSC  08116,  Feb  15,  1985,  NASA,  L.B. 
Johnson  Space  Center,  Houston,  Texan  77058. 

This  wide-body  version  of  the  standard  Centaur  Vehicle  is  being  developed 
by  General  Dynamics/Convair  Division  for  NASA  as  a  hj.gh-performance  STS 
upper  stage  for  such  missions  as  the  Galileo  mission  to  Jupiter  and  the 
Ulysses  (formerly  the  Internatlcnal  Solar  Polar)  Mission  (ULS).  The 
NASA-unique  Centaur  G-Prime  Vehicle  is  the  "long"  derivative  of  the 
DOD-unique  Centaur  G  Vehicle;  both  versions  are  designed  as  components  of 
the  STS.. 

C9.1  GENERAL  DESCRIPTION 

The  Centaur  Vehicle,  a  high-performance  STS  upper  stage,  (Figs.  C9-1  and 
C9-2)  consists  of  a  lO-foot-diameter  liquid  oxygen  tank  that  transitions 
to  a  lA-2-in. -diameter  hydrogen  fuel  tank.  The  overall  vehicle  is  29.1 
feet  long.  The  cryogenic  tanks  are  insulated  with  combinations  of 
heliuiDr-purged  foam  blankets  and  insulation  shields.  The  forward  end  of 
the  vehicle  consists  of  a  bolted-on  forward  adapter  comprised  of  a 
cylindrical  section  and  a  conical  section.  This  adapter  provides  mounts 
for  all  electronics  packages.  The  aft  end  of  the  vehicle  consists  of  a 
cylindrical  aft  adapter  and  a  pyrotechnic  separation  ring. 

The  Centaur  avionics  system  performs  the  functions  necessary  for 
autonomous  control  of  the  Centaur  Vehicle  from  a  predefined  safe 
separation  distance  following  Centaur  deployment  from  the  Orbiter  through 
post-separation  maneuvers. 

The  Centaur  is  provided  structural,  fluid,  and  avionics  support  in  the 
Orbiter  prior  to  deployment  by  means  of  airborne  support  equipment 
designated  as  the  Centaur  Integrated  Support  System  (CISS).  The  CISS 
consists  of  Centaur  Support  Structure  (CSS),  a  deployment  adapter,  and 
associated  electronics  and  fluid  lines. 

C9.2  SYSTEMS  DESCRIPTIONS.  HA2.»^.DOUS  MATERIALS.  SCHEMATICS 
C9.2.1  Centaur  Structural  System 

The  components  of  the  Centaur  structural  system  are  the  propellant  tanks, 
adapters,  and  the  Centaur  Support  Structure  (CSS).  The  propellant  t.anks 
consist  of  a  liquid-oxygen  oxidizer  tank  and  a  liquid-hydrogen  fuel  tank, 
as  illustrated  in  Figure  C9-3.  The  tank  voluznes  are  designed  to  provide 
total  propellants  of  46,000  lb  at  a  bum  mixture  ratio  of  5.0  to  1.0 
oxygen  to  hydrogen.  Besides  containing  the  main  engine  propellants,  the 
tanks  establish  vehicle  primary  structural  integrity  and  support  vehicle 
systems  and 
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components.  The  tanks  arc  of  tnonocoque  con.*; traction  formed  by  a  series  of 
short  stainless  steel  cylinders  welded  together.  The  basic  tank  material 
is  301  ORES.  Ends  of  the  tanks  are  formed  by  stainless  steel  bulkheads. 
The  fuel  and  oxidiser  tanks  are  separated  by  a  double-walled  intermediate 
bulkhead.  The  tank  skin  is  stabilised  at  all  times  by  iitemal  pressure 
or  by  the  application  of  mechanical  stretch.  During  assembly  and  certain 
checkout  operations,  support  is  provided  by  applying  stretch  to  ground 
handling  adapters  attached  to  the  forward  and  aft  cylindrical  tank  rings. 
After  erection,  structural  integrity  is  provided  by  pressurization  gas 
supplied  to  the  tanks  from  external  sources.  With  propellant  in  the 
tanks,  pressure  is  maintained  by  propellant  boil-off. 

The  liquid  oxygen  tank.  Figure  C9-4,  consists  of  a  120-inch-diameter 
cylindrical  section  closed  at  each  end  by  an  ellipsoidal  adapter.  The 
forward  end  of  the  cylindrical  section  terminates  at  the  junction  of  the 
intermediate  bulkhead  and  aft  end  of  the  liquid  hydrogen  tank  cone 
section.  The  aft  end  of  the  liquid  oxygen  tank  cylindrical  section 
terminates  at  the  junction  of  the  aft  bulkhead.  The  aft  bulkhead  has 
welded  brackets  and  fixtures  that  support  propellant  lines,  helium  and 
hydrazine  bottles,  main  engines,  electrical  boxes,  and  radiation  shields. 

The  liquid  hydrogen  t&nk.  Figure  C9-4,  consists  of  a  IZO-inch-diameter 
cylindrical  section  closed  by  an  ellipsoidal  forward  bulkhead  and  conical 
aft  bulkhead.  The  aft  bulkhead  attaches  to  the  forward  buldhead 
cylindrical  section  joint  of  the  liquid  oxygen  tank. 

The  two  propellant  tanks  are  insulated  to  prevent  excessive  propellant 
boil-off.  Figure  C9-3  shows  the  insulation  system.  The  liquid  hydrogen 
tank  insulation  consists  of  the  forward  bulkhead  insulation  and  tank 
sidewall  insulation.  The  liquid  hydrogen  tank  forward  bulkhead  insulation 
consists  of  a  three-layer  thermal  radiation  shield  and  a  two-layer  focm 
blanket.  The  tank  sidewall  insulation  is  made  up  of  a  thermal  radiation 
shield  and  two  layers  of  foam  insulation  extending  along  the  tank.  The 
liquid  oxygen  tank  has  an  aft  bulkhead  and  sidewall  thermal  radiation 
shield  but  no  foam  insulation  blankets. 

Two  adapters,  a  forward  and  aft  adapter  (Fig.  C9-6),  are  mounted  to  the 
Centaur  tanks  and  serve  as  structural  interface  support  and  transition 
members.  The  forward  adapter  is  installed  on  the  forward  liquid-hydrogen 
tank  ring.  The  cylindrical  section  is  a  graphite/epoxy  structure  170 
inches  in  diameter  and  25  inches  long.  The  conical  section  of  a  forward 
adapter  is  a  conical  aluminum  skin  stringer  alloy  structure  with  a  170- 
inch-diameter  bane.  It  is  47  inches  long  and  108  inches  in  diaawter  at 
the  forward  end.  The  forward  adapter  serves  as  a  mount  primarily  for  the 
avionics  boxes  and  as  a  structural  interface  with  the  spacecraft  mission- 
peculiar  adapters. 

The  aft  adapter  is  a  19-f t-diameter,  11.2-inch  cylindrical  graphite /epoxy 
structure  with  attachment  rings  at  each  end.  The  adapter  distributes 
Centaur  Integrated  Support  System  (CISS)  support  loads  into  the  Centaur 
tank  and  provides  an  interface  for  attaching  the  separation  system.  The 
forward  ring  bolts  to  the  liquid  oxygen  tank  aft  ring  and  the  aft  ring, 
attaches  to  the  separation  ring. 
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Support  structure  is  mounted  on  the  aft  adapter  for  the  vehicle  separation 
springs,  field  and  electrical  disconnect  panels,  radiation  shields,  and 
wiring.  ‘  - 

C9.2.2  Centaur  Support  Structure 

The  Centaur  Vehicle  and  spacecraft  are  supported  within  the  Orbiter  by  the 
CSS.  The  support  structure  remains  within  the  Orbiter  after  deployment. 

As  shown  in  Figure  C9-7,  the  support  structure  consists  of  semicircular 
aluminum  beams  connected  by  longitudinal  side  beams  and  a  keel  beam.  This 
construction  supports  the  deployment  adapter  to  which  is  bolted  the  aft 
end  of  the  Centaur.  Loads  are  transferred  from  the  CSS  to  the  Orbiter  by 
means  of  steel  trunnion  pins.  Additional  CSS  trunnions  extend  from  the 
Centaur  equipment  module  to  latch  the  forward  portion  of  the  Centaur  to 
the  Orbiter.  The  CSS  also  provides  support  for  helium  storage  bottles  and 
the  CISS  avionics  system. 

The  deployment  adapter  's  a  cylindrical  structure,  10  feet  in  diameter  and 
44  inches  high,  which  supports  the  aft  end  of  the  Centaur.  During  the 
Centaur  deployment  sequence,  the  deployment  adapter  rotates  around  the  CSS 
trunnion  support  pins  to  bring  the  Centaur  to  the  desired  separation 
attitude.  The  deployment  adapter  includes  the  separation  ring  and  also 
supports  the  fluid  system  and  electrical  disconnect  panels.  The  CISS 
electronics  hardware  is  also  supported  on  the  deployment  adapter. 

The  separation  ring  portion  of  the  deployment  adapter  contains  the 
pyrotechnic  Centaur  separation  mechanism  designated  as  the  Super*Zig 
system.  The  separation  ring  is  a  10-foot-diameter,  5-inch-long  aluminum 
cylinder.  The  rings  bolt  to  the  aft  adapter  (Fig.  C9-8)  of  the  Centaur 
and  Che  CISS  deployment  adapter.  Vfhen  the  pyrotechnic  Super*2ip  explosive 
cord  is  fired,  the  separation  ring  is  fractured,  and  a  spring  system 
pushes  the  Centaur  away  from  the  Orbiter.  Should  both  the  primary  and 
backup  Super*Zig  pyrotechnic  devices  fail  to  operate,  the  Centaur  would  be 
lowered  back  into  the  payload  bay. 

C9.2.3  Centaur  Propulsion  and  Hydraulic  Systems 

Primary  thrust  Is  provided  to  the  Centaur  by  two  Pratt  &  Vfhitney 
RL10A-3-3A  engines  developing  33,000  lb  of  total  thrust.  These  engines 
are  regeneratively  cooled  and  turbopump  fed.  Each  propellant  (liquid 
hydrogen  and  oxygen)  is  injected  into  the  throat  chamber  where  combustion 
is  initiated  by  an  electric  spark  igniter.  Heat  of  combustion  vaporizes 
the  fuel  as  it  passes  through  the  thrust  chamber  tubes.  This  expansion  of 
gas  is  the  energy  source  that  operates  the  turbine.  A  propellant 
utilization  system  controls  the  liquid  oxygen  flow  rate  to  ensure  that 
both  propellant  tanks  will  be  emptied  simultaneously.  Sensor  probes  to 
detect  the  propellant  liquid  levels  are  mounted  within  the  tanks.  The 
engines  operate  at  a  5:1  mixture  ratio  of  oxidizer  to  fuel  and  have  a 
specific  impulse  of  446.4  seconds.  Tank  pressurization  maintains  an 
adequate  flow  of  propellants  to  the  turbopumps.  Control  pressure  is 
isolated  from  the  propellant  prevalves  and  engine  inlet  valves  by 
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r«dund«nt  pyro  valves  chat  also  provide  cwo-failure  Coleranca  against 
inadvertent  engine  operation.  The  pyro  valves  will  be  fired  open  after 
Centaur  is  deployed  a  sate  distance  from  the  OrbiCer. 

Two  identical  and  separate  hydraulic  power  supply  systoms  provide  the 
force  to  gifflbal  each  of  the  main  engines.  A  power  package  assembly  and 
two  actuators  are  the  main  components  of  the  system.  Each  power  package 
contains  an  engine-driven  pump  that  supplies  pressure  to  the  actuators. 
This  pump  is  coupled  to  the  engine  turbine  drive  end  operates  during  the 
burn  phase  when  Che  engines  are  firing.  During  Che  coast  phase,  a 
recirculation  pump  circulates  hydraulic  fluid  through  the  system.  A 
diagram  of  Lne  hydraulic  system  is  shown  in  Figure  C9-9. 

C9.2.A  Reaction  Control  System 

The  Reaction  Control  System  (RCS)  is  a  system  of  small  rocket  engines 
mounted  on  the  periphery  of  the  Centaur  liquid  oxygen  tank.  This  engine 
system  provides  thrust  for  attitude  control,  settling  of  propellants,  and 
for  making  separation  and  orientation  maneuvers.  The  system  consists  of 
1.2  6-lb  thrust  units,  a  positive  expulsion  tank  with  170-lb  hydrasine 
capacity,  two  parallel  sets  of  pyro  valves,  one  fill /drain  valve,  two 
pneumatic  checkout  valves,  and  heated  feedlines.  The  pyro  valves  are 
fired  open,  pressurizing  the  system  and  allowing  hydrazine  flow  to  Che 
thrusters  after  Centaur  is  deployed  a  safe  distance  from  the  Orbiter.  The 
arming  mechanism  is  provided  by  the  dual-failure-Colerant  arm/safe 
sequence  (DUFTAS)(Sec  Fig.  C9-16)  and  is  Cwo-failure  tolerant  against 
inadvertent  peration. 

C9.2.5  Fluid  Systems 

Figure  C9-10  is  a  stylized  schematic  of  the  Centaur  Vehicle  pneumatic 
system,  which  consists  of  the  propellant  tank  pressurization  system, 
pneumatically  actuated  valve  control  system  purge  systems,  helium  supply, 
and  the  intent  diate  bulkhead  relief  system.  All  of  these  individual 
pneumatic  systems  with  the  exception  of  Che  bulkhead  relief  system  are 
interconnected  and  function  as  a  single  system. 

The  pressurization  system.  Figure  C9-11,  consists  of  valves,  tubing,  ^nd 
components  for  pressurizing  tho  propellant  tanks.  The  Digital  Computer 
Unit  (DCU)  provides  helium  pres.^.uranC  control  before  engine  starts  and 
liquid  oxygen  trnk  pressurization  during  engine  burns.  The  liquid 
hydrogen  tank  is  pressurized  during  engine  bums  by  gaseous  hydrogen 
diverted  from  the  main  engines.  Tank  pressures  are  monitored  by  the  DCU 
from  outputs  of  redundant  transducers  in  each  tank.  Preprogrammed  logic 
defines  the  desired  pressure  level  in  Che  tanks  and  sequences  for  pressure 
changes  throughout  the  mission.  Sefore  the  Centaur  is  deployed, 
pressurization  of  the  two  propellant  tanks  is  controlled  by  the  five 
computer  control  units  located  on  the  CISS. 
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The  pneumatic-actuaced  valve  control  system  consists  of  tubing  and  valves 
that  provide  actuation  pressure  for  the  tank  fill/dump  valves,  backup  tank 
vent  valves,  and  the  four  liquid  hydrogen  tank  zero-g  vent  system  valves. 

The  purge  system.  Figure  C9-12,  consists  of  solenoid  valves,  flow  control 
orifices,  tubing  and  components  to  direct  helium  purges  to  various  vehicle 
systems  at  various  tiknes  during  the  mission.  The  capability  exists,  for 
example,  to  supply  a  heli«im  purge  to  the  hydrogen  tank  insulatlun  blanket 
during  a  post-abort  landing.  A  helium  purge  is  provided  to  the  blanket 
during  prelaunch  operations.  The  LO2  tank  sensing  line  it-  purged  with 
helium  gas  to  remove  impurities.  Two  helium  bottles  mounted  on  the 
Centaur  aft  bulkhead  contain  the  gaseous  helium  required  for  purging  and 
pressurization. 

Vent  systems  on  the  Centaur  provide  the  redundant  ground,  ascent,  and 
on-orbit  venting  of  the  propellant  tanks  to  maintain  safe  pressure 
levels.  The  system  consists  of  valven  mounted  on  ducts  that  extend  from 
the  tanks  to  disconnects  located  on  the  Centaur/CISS  propellant  tanks  as 
shown  In  Figure  C9-13. 

The  flll/dufflp  system  (Figure  C9-14)  Is  designed  to  ensure  Centaur 
compatibility  with  all  Shuttle  abort  modes  that  occur  before  vehicle 
deployment.  The  system  has  been  sized  to  provide  single-failure-tolerant 
propellant  dump  capability  within  250  seconds.  With  this  system  a 
simultaneous  dump  of  liquid  hydrogen  and  oxygen  can  be  accomplished  while 
the  Orbiter  is  above  100,000  feet  altitude.  The  fill/dump  system  is  a 
foam-insulated  duct  system  with  a  redundant  set  of  normally  closed  dump 
valves.  The  ducts  interconnect  the  propellant  tanks  to  self-sealing 
disconnects  in  the  Centaur/CISS  umbilical  panels.  Propellant  loading  and 
dumping  are  accomplished  through  the  same  system.  The  Centaur  fluid 
interfaces  with  Orbiter  are  shown  in  Figure  C9-15. 

Corresponding  to  the  Centaur  fluid  systems,  interconnecting  systems  are 
provided  in  the  CISS.  The  CISS  fluid  systems  provide  interconnecting 
ducting  from  the  Centaur  to  Orbiter  interfaces  and  monitor/control  the 
Centaur  fluid  systems  prior  to  deployment.  The  CISS  propellant  tank  vent 
system,  for  example,  consists  of  valves  and  ducting  that  connect  the 
Centaur  propellant  vent  lines  with  the  associated  Orbiter  overboard 
ports.  The  vent  lines  join  at  the  umbilical  panels  located  on  the  CISS. 

At  deployment,  separation  of  the  CISS  vent  lines  from  the  Centaur  lines 
occurs  along  the  umbilical  panel  plane.  The  CISS  fill/dump  systems  and 
pneumatic  systems  are  similar  in  design  and  operation  to  the  vent  system. 

C9.2.6  Centaur  Vehicle  Avionics 

The  Centaur  avionics  system  integrates  many  hardware  functions  into  the 
airborne  computer  software.  These  functions  include  attitude  control, 
sequencing,  telemetry  formatting,  propellant  management,  steering, 
navigation,  and  guidance.  Most  of  the  Centaur  airborne  avionics 
components  are  located  on  the  forward  adapter  as  shown  in  Figure  C9-16. 


Th«  prltteip4«l  tlcMitt  of  tht  avionics  systsm  is  the  Talsdyna  Sysctms 
Conpany  Digital  Conputsr  Unit  (DCU).  Tha  DCU  is  storad  program 
-andosi-accass  cora  machina.  Tha  task  of  the  OCU  is  to  receive  data 
raaasuresN^nts t  process  this  data  in  accordance  with  a  preetored  program, 
and  output  raiponsa  inforntation  and  comstands.  Functions  performed  by  the 
DCU  include  navi4;ation,  guidance,  vehicle  control,  Orbiter  axes  transfer 
alignR«nt  update  (If  used),  platform  rotation  to  remove  accelerometer 
biases,  star-scanner  operations  (if  used),  sequencing,  propellant 
utilization,  propellant  tank  pressurization,  telemetry  formatting,  and 
communications  to  and  from  the  Orbiter. 

The  control  system  provides  vehicle  attitude  stabilization  and  points  the 
vehicle  in  response  to  guidance  steering  comnands.  These  control 
functions  are  performed  on  the  basis  of  analog  attitude  errors,  which  are 
the  differences  between  the  actual  and  commanded  attitudes  of  the 
vehicle.  In  response  to  these  errors,  thrust  vector  actuator  control 
signals  are  generated  by  the  digital  autopilot  in  the  DCU.  The  analog 
engine  actuator  conmanda  are  aent  from  the  DCU  to  the  aervo  inverter  unit 
(SIU).  The  SIU  is  a  mechanical  engine-control  device  that  poaitiona  the 
engines  based  on  the  DCU  actuator  comnands.  Signals  from  the  SIU  to  a 
hydraulic  servovalve  causes  hydraulic  fluid  flow  and  engine  gimbaling 
curing  the  burn.  Otiring  the  coast  phases,  attitude  control  signals  are 
also  generated  by  the  OCU  baaed  on  the  input  attitude.  Commands  are 
digitised  on-off  commands  sent  from  the  DCU  to  the  Sequence  Control  Unit 
(SCU).  The  SCU  switch  comnands  activate  the  reaction  control  thrusters 
mounted  on  the  perimeter  of  the  Centaur.  The  thrusters  provide  rotational 
torques  that  balance  the  vehicle  during  cuast  to  hold  it  in  a  rate- 
displacement-limit  cycle. 

The  SCU  is  an  interface  device  that  converts  signals  from  the  OCU  into 
switched  and/or  timed  commands  that  can  be  used  by  the  requisite  vehicle 
systems. 

Propellant  utilization  management  function  of  the  DCU  controls  the 
propellant  mass  flow  rate  to  ensure  that  the  oxygen  and  hydrogen  tanks 
will  be  depleted  simultaneously.  Sensors  mounted  Inside  the  tanks  provide 
indication  to  the  DCU  of  the  propellant  residuals.  Flow  rates  are 
adjusted  based  on  the  ratio  of  the  residual  liquid  masses. 

Pressurization  control  of  the  propellant  tanks  is  provided  by  the  computer 
controlled  vent  and  pressurization  system  (CCVAPS)  functions  of  the  DCU. 
This  function  also  optimizes  helium  use  and  provides  failure  detection  and 
corrective  action  for  the  redundant  tank  pressurization  components.  The 
DCU  selects  valid  tank  pressure  level  measurements,  compares  actual  tank 
pressures  to  predetermined  values,  and  comnands  actuation  by  appropriate 
valves  to  achieve  the  desired  pressure  levels. 

The  electrical  power  system  provides  electrical  power  and  distribution  for 
the  operation  of  the  avionics  and  other  systems  of  the  vehicle.  The 
system  consists  of  a  primary  battery,  a  power  changeover  switch  to  select 
between  internal  and  external  power,  electrical  rise  of  umbilicals  located 
on  the  CISS  and  wiring  harness  comprising  the  distribution  system. 
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C9 . 2 . 7  CISS  Avionics  Syitem 


The  CISS  includes  avionics  support  and  structural  support  of  the  Centaur 
within  the  Orblter.  Figure  C9-17  is  a  diagram  of  the  Shuttle/Centaur  CISS 
avionics  system.  The  CISS  avionics  system  provides  all  Centaur-to-Orbiter 
eleotrioal  interfaces,  computer  control  for  all  safety  fiinction'.  prior  to 
(iepLoyment,  electrical  power  and  power  control,  instrumentatior  and 
telemetry,  pyrotechnic  control  for  jentaur  separation,  and  monitoring  of 
propellant  tanking  Levels. 

The  computer  control  avionics  subsystem  is  made  up  of  five  microprocessor 
Control  Units  (CUs),  two  control  distribution  units,  and  a  digital 
computer  unit.  The  function  of  the  subsystem  is  to  actively  control  all 
safety-related  Centaur  vehicle  operations  up  through  deployment  (such  as 
sequencing,  pressurization  and  vent  control,  and  deployment  operations). 
Each  of  the  safety  functions  (such  as  tank  pressurization)  is  monitored 
independently  by  each  control  unit.  Commands  for  a  function  by  the 
control  units  arc  executed  only  when  the  control  units  are  in  majority 
agreement.  A  Centaur  DCU  located  on  the  CISS  provides  PCM  data  from  all 
control  units  to  the  ground  and  to  the  Orbiter.  The  DCU  is  also  used  in 
the  instrumentation  and  telemetry  subsystem. 

Electrical  power  for  the  CISS  and  Centaur  prior  to  deployment  is  supplied 
by  the  Orbiter.  In  the  event  of  failure  of  Orbiter  power,  power  could 
still  be  supplied  from  the  two  silver-zinc  batteries  located  on  the  CISS. 
Tns  electrical  distribution  unit  provides  power  control  for  both  Centaur 
and  CISS  loads. 

The  CISS  instriimentation  and  telemetry  systems  record  vehicle  tank 
pressurization  and  avionics  data  and  transmit  these  data  to  ground 
stations. 

C9.2.8  Centaur  Integrated  Support  System  Mechanisms 

The  rotation  system  and  umbilical  detachment  mechanism  are  two  mechanical 
system  Installations  on  the  CISS  consisting  of  identical  primary  and 
backup  deployment  adapter  rotation  systems.  These  systems  meet  the  intent 
of  the  two-failure-tolerant  requirements.  Both  the  primary  and  backup 
systems  are  tolerant  to  single  failures  of  the  drive  motors  and  clutches, 
and  either  can  rotate  the  deployment  adapter  under  maximum  expected 
loading  conditions.  The  rotation  system  rotates  the  Centaur  from  the 
stowed  positioti  in  the  cargo  bay  to  45  degrees  for  deployment. 

If  deployment  is  aborted,  tne  Centaur  is  rotated  hack  to  the  stored 
position  by  reversing  the  drive  unit  direction.  The  forward  latches  of 
the  Centaur  are  then  relatched,  and  the  Centaur  cryogenic  propellants  are 
dumped  prior  to  reentry  and  landing. 
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tn  th«  deployMnt  tcqucnc*,  the  Super*Zip  la  fired,  end  deployment  springe 
eecelerete  the  vehicle  evey  from  the  deployment  adapter  at  a  aeparation 
velocity  of  one  foot  per  eecond.  This  motion  cauaee  separation  of  the 
umbilical  panel  dieconnecte  for  the  fill,  drain,  dump,  and  vent  lines 
mounted  on  the  panele.  Following  Centaur  deployteent,  the  payload  bay 
doore  may  be  cloeed  eith  the  deployment  adapter  in  any  poaition  between  0 
■iaii.  Hi>gr«*ue. 

C9.2.'>  Pyiotechnlr  Syetem 

Pyrotechnic  devicee  are  employed  in  conjunction  with  certain  CISS  and 
Centaur  aviuniua  functiona.  These  devices  are  used  for  fluid  Isolation 
control  and  pyrotechnic  deployment  sequences.  The  CISS  pyrotechnic 
functiona  include  firing  of  the  Super^Zlp  detonation  cord  for  Centaur 
separation  and  activation  of  helium  purge  pyro  valvea.  The  helium  pyro 
'■'alves  provide  capability  to  supply  tank  Insulation  purge  during  an  abort 
landing. 

Pyrotechnic  functiona  are  also  used  during  the  Centaur  flight  phase. 
Reaction  control  ayatam  and  pneumatic  pyro  isolation  valves  provide 
two-failure-tolerant  protection  against  inadvertent  Centaur  operation 
following  deployment.  These  valves  are  fired  open  prior  to  Centaur  aiain 
engine  Centaur  startup.  Pyro  devices  ara  used  to  preclude  premature  RF 
antenna  deployment.  After  Centaur  separation,  the  RF  antennas,  which  are 
spring  loaded  and  located  on  the  equipment  module,  are  released  by  the 
firing  of  redundant  pyrotechnic  pin  pullers.  Spacecraft  separation 
Involves  a  pyrotechnic  deployment  sequence,  including  firing  of  a 
Super*Zip  detonation  cord  and  actuation  of  springs  to  accelerate  the 
spacecraft  awry  from  the  Centaur.  Pyrotechnic  valves  installed  in  the 
balanced  thruat  vent  p^iths  assure  no  venting  Into  the  or  biter  cargo  bay 
prior  to  deployment.  These  valves  are  fired  open  after  deployment. 

C9.2.10  Centaur/Spacecraft  Weight  Summary 

V'olght  estimates  for  the  Centaur/spacecraft  combination  are  tabulated  in 
this  subsection.  These  estimates  are  for  the  (Jlyasea  and  Galileo  missions 
because  these  are  the  first  tv^o  missions  which  will  use  the  Centaur 
G-Hrime  upper-stage  vehicle. 

An  initial  weight  estimate  for  Centaur  with  the  Galileo  spacecraft  appears 
below: 


Spacecraft  Separated  Weight 

5,302 

lb 

Orb iter  Mounted  Items 

2,900 

lb 

Centaur  Integrated  Support  System 

6,900 

lb 

Centaur  Jettison  Weight 

6,818 

lb 

Centaur  Propellants 

63,029 

lb 

Hydraeine 

69 

lb 

Helium 

2 

lb 

Total  Loaded  Weight 

65,000 

lb 
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An  initial  weight  aatimateii  For  Centaur  with  the  Ulyacae  spacecraft 
appaara  below: 


Spacecraft  Separated  Weight 

805 

Orbiter  Mounted  Items 

2,900 

Centaur  Integrated  Support  System 

6,896 

Centaur  Jettison  Weight 

6.639 

Centaur  Propellants 

45,209 

Hydras ine 

49 

Helium 

0 

to 

Total  Loaded  Weight 

62,500 

Weights  of  individual  major  components  on  the  Centaur  integrated  support 
system  are  as  follows  for  Galileo  and  Ulysses: 


Galileo  Ulysses 


Centaur  Support  Structure 

2,417 

Tb 

2, 41 7 

lb 

Deployment  Adapter 

637 

lb 

637 

lb 

Fluid  System  Dry 

1,451 

lb 

1,451 

lb 

Avionics 

1,513 

lb 

1,509 

lb 

Rotation  System 

461 

lb 

461 

lb 

Separation  System 

184 

lb 

184 

lb 

CISS  LVNP  Hardware 

97 

lb 

97 

lb 

Helium 

120 

lb 

120 

lb 

Trapped  Propellant 

Centaur  Airborne  Support 

20 

lb 

20 

lb 

Weight  (lbs) 

Orbiter  Payload  Chargeable 

6,900 

lb 

6,896 

lb 

Items 

2,900 

lb 

2,900 

lb 

Total 

9,800 

lb 

9,796 

lb 

Cy . 3  MISSION  SCENARIO 
C9.3.1  Pre launch  Timeline 

As  indicated  in  Figure  C9-18,  loading  of  the  Centaur  propellants  begins 
shortly  after  initiation  of  STS  External  Tank  (ET)  loading.  Ground  chill 
for  the  Centaur  LOX  tank  generally  starts  as  the  ET  LOX  tank  starts  fast 
fill.  (The  numbers  in  parentheses  after  each  Centaur  operational  phase  in 
Figure  C9-18  indicate  the  approximate  tisie  in  minutes  for  each  phase.) 
Tanking  of  the  Centaur's  LH2  begins  when  the  Centaur  LOX  tank  is 
approximately  7SX  filled.  This  is  performed  to  assure  that  the  common 
bulkhead  between  the  LOX  and  LH2  tanks  does  not  reverse  because  of 
adverse  pressures. 

Before  any  tanking  operations  begin,  the  payload  bay  (PLB),  Lower  Midbody 
Compartment  (LWR  MID),  and  Aft  Fuselage  (AFT  FUS)  of  the  Orbiter  are 
purged  of  air  by  flowing  GN2  into  the  compartments.  The  exhausting 
gases  leave  the  Orbiter  via  any  of  the  vent  doors  on  both  left  and  right 
sides,  which  have  been  coBsaanded  onen.  For  the  Centaur  missions,  all  vent 
doors  will  be  closed  at  the  start  of  tanking  operations. 
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At  th«  initiation  of  tanking  of  tha  Cantaur  LH2«  Vtnt  6  !■  closed  so 
that  all  tha  GN2  flow  is  forced  into  tha  aft  fuselage  through  relief 
porta  in  the  aft  bulkhead  at  Station  1307.  This  y«r.t  conf fguraticn 
accoenodatcs  close  scrutiny  of  potential  GH2  leakage  bv  the  Hasardous 
Gas  Detection  Syatesi  (MGDS)i  which  haa  sensors  located  at  several  of  the 
.«ft  bulkhead  relief  ports. 

As  can  be  seen  in  Figure  C9-18,  the  HGDS  is  used  to  monitor  only  the 
payload  bay  and  lower  midbody  during  a  check  of  the  Centaur  system 
integrity  against  GH2  leakage  at  four  hours  before  launch.  The  check  is 
performed  with  the  Centaur  tanks  temporarily  pressurised  to  the  higher 
lift<-off  prwHSures.  After  a  successful  check,  the  flight  crew  will  enter 
the  Orbiter  (approximately  three  hours  before  launch).  The  ground  control 
will  end  31  seconds  before  launch  when  automatic  sequencing  of  events  from 
the  Orbiter  will  begin. 

C9.3.2  Typical  Mission  Event  Timeline 

The  orbit  part  of  the  operation  cycle  may  differ  considerably  from  one 
mission  to  another.  For  some  missions,  the  crew  will  deploy  or  retrieve  a 
satellite  and  return  to  Earth  in  one  revolution.  For  other  missions,  the 
Orbiter  will  stay  in  apace  as  long  as  30  days.  For  the  Galileo  and 
Ulysses  missions,  the  orbital  part  will  include  releasing  the  spacecraft 
and  the  Centaur  upper  stage,  the  orbiter  moving  some  distance  away, 
staying  ir  orbit  for  several  hours  while  the  crew  eats  and  sleeps,  and 
then  preparing  to  return  to  Earth.  The  typical  time  profile  for  the 
Centaur  planetary  missions  from  lift-off  to  cargo  deployment  is  shown  in 
Table  C9-1. 

C9.3.3  Abort  Modes 

Four  basic  abort  modes  have  been  developed  to  provide  continuous  intact 
abort  capability  for  Centaur  missions  during  the  ascent  phase: 
Return'-To-Launch-Site  (RTLS),  Transatlantic  Abort  landing  (TAL), 
Abort-Once-Around  (AOA),  and  Abort -To -Orb it  (aTO).  The  four  modus  are 
available  during  different  segments  of  the  ascent  flight  to  provide  intact 
abort  capability.  Two  modes,  AOA  and  ATO,  are  available  after  MRVO  in  the 
event  of  an  OMS  engine  failure.  Figure  C9-19  is  an  altitude/range  profile 
showing  the  relationship  between  RTLS,  TAL,  and  AOA  aborts.  Figure  C9-20 
shows  the  overlapping  abort  regions  for  a  typical  Shuttle/Centaur  mission 
with  an  SSME  failure.  Figures  C9-21  and  C9-22  provide  a  more  detailed 
timeline  for  Centaur  LH2  residuals  versus  abort  scenarios.  It  should  be 
noted  that  for  pu-poses  of  RTG  concerns  on  the  gralileo  and  ulysses 
missions,  both  the  LOX  and  LH2  dump  systems  (valves,  lines,  etc)  must 
fail  to  dump  during  any  abort  before  an  explosive  environment  can  exist 
with  the  Centaur.  In  other  words,  a  failure  which  prevents  the  successful 
dumping  of  only  LOX  or  LH2  is  in  itself  not  a  threat  to  the  RTGs. 
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Table  C9-i  Typical  Csntaur/Planetary  Mission  Event  Timeline 


EVENT 

TIME  (HR:MIN;SEC) 

SSME  Ignition 

-0 

00 

06 . 6 

SRB  Ignition  Command 

0 

00 

00 

First  Motion/Lif t-Ofr 

0 

00 

O 

o 

Begin  Roll  Program  (Val25  fps) 

0 

00 

07 

End  Roll  Program  (V=300  fps) 

0 

00 

15 

Begin  First  Throttle  Down  (V=428  fps) 

0 

00 

20 

Begin  Second  Throttle  Down  (Va716  fps)  (Optional) 

0 

00 

31 

Begin  Throttle  Up  (V»1599  fps) 

0 

01 

08 

SRB  Separation 

0 

02 

05 

3G  Throttling  Begins 

0 

07 

39 

MECO  Command 

0 

08 

34 

Zero  Thrust 

0 

08 

40 

ET  Separation 

0 

08 

52 

OMS-1  TIG 

0 

10 

34 

UMS-1  Cutoff 

0 

13 

22 

OMS-2  TIG 

0 

46 

10 

OMS-2  Cutoff 

0 

48 

29 

Open  Payload  Bay  Doors 

1 

15 

00 

IMU  Realignment 

3 

00 

00 

Meal 

k 

00 

00 

Centaur /Spacecraft  Checkout 

5 

00 

00 

Centaur  Deploy 

6 

40 

00 

Centaur  Engini  Ignition 

7 

20 

00 

Ths  basic  TAX.  abort  flight  mode  may  be  stated  as  follows:  After  selection 
of  the  TAL  abort  mode  (TAL  abort  mode  is  acquired  pre-MECQ  by  selecting  an 
AOA  on  the  abort  select  switch),  the  vehicle  will  accelerate  downraiige  to 
the  TAL  NECO  targets.  At  abort  initiation  the  OMS  propellant  and  Centaur 
propellant  dumps  are  initiated  and  run  to  completion,  if  time  permits,  to 
achieve  the  correct  landing  weight  and  center-of-gravity  for  entry.  At  90 
seconds  before  KECO  the  Orbiter  rolls  to  the  head-up  ET  separation 
attitude.  After  ET  separation  and  after  a  )0-second  NFS  dump  interval, 
the  onboard  computers  are  loaded  with  the  entry  operational  flight 
software.  The  Orbiter  then  glides  to  the  primary  landiiig  site  or  the 
weather  alter  late  landing  site.  Landing  sites  change  as  a  function  of 
intended  orbit  inclination.  For  example,  for  orbit  inclinations  near  2S 
degrees,  Dakar,  Senegal  (on  the  west  coast  of  Africa)  is  the  primary 
landing  site.  Fur  inclinations  near  57  degrees,  Zaragoza,  Spain,  is 
currently  the  primary  landing  site.  The  weather  alternate  landing  site 
for  both  of  these  inclinations  is  Moron,  Spain.  A  typical  TAL  abort 
sequence  of  events  is  defined  in  Table  C9-2. 

A  successful  Centaur  mission  can  be  achieved  from  a  Press-tc-MECO  (PTM) 
situation  if  the  achieved  orbit  is  at  least  110  nm  (Centaur  propellant  has 
not  been  dumped).  An  acceptable  orbit  is  achieved  with  a  PTM  point  at  or 
after  approximately  100  seconds  prior  to  nominal  MECO  and  is  identified  as 
the  Centaur  mission  completion  boundary  on  Figure  C9-20. 

Specific  flight  procedures  have  been  developed  to  maximize  the  crew 
survival  changes  for  multiple  SSME  failures  from  lift-off  to  MECO  or 
'single  SSME  completion  boundaries.  However,  a  contingency  abort  during  a 
mission  with  a  Centaur  stage  in  the  cargo  bay  will  probably  rupture  the 
Centaur  tanks  at  ditching  or  crash  landing  and'  therefore  can  cause  an 
explosion. 

Centaur  deployment  Is  assumed  to  occur  during  the  fifth  orbital 
revolution,  at  lift-off  plus  2^,084  seconds  (or  6  hours,  41  minutes,  24 
seconds)  for  the  Galileo  mission. 

The  Shuttle  flight  sequence  up  to  Centaur  deployment  is  divided  into  two 
phases  to  facilitate  the  overpressure  analysis:  (1)  the  ascent  phase, 
including  OMS-1  burn  and  the  early  coast  phase  with  the  payload  bay  doors 
closed,  and  (2)  the  portion  of  orbital  coast  phase  prior  to  Centaur 
deplovment  when  the  payload  bay  doors  are  open.  The  payload  bay  doors  are 
open  from  4,980  seconds  to  24,084  seconds  (with  Centaur  onboard). 
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Table  C9-2  TAL  Abort  Sequence  of  Events  for  an  Earliest  and 
Latest  "Systems  TAL"  Abort 


Mission 

Elapsed 

Time  (sec) 

Event 

Earliest 

latest* 

0 

0 

Lift-off  of  the  Space  Shuttle  Vehicle 

125 

125 

SRB  Separation 

240 

355 

"Systems  TAL"  Abort  Selected 

240 

355 

OMS  Propellant  Dump  Initiated 

240 

355 

Centaur  Propellant  Dump  Initiated 

480 

415 

Vehicle  Roll-To-Heads  Up  Attitude 

435 

510 

OMS  Propellant  Dump  Completed 

490 

510 

Centaur  Propellant  Dump  Completed 

570 

520 

MECO 

588 

538 

ET  Separation 

600 

550 

+X  ARCS  Thruster  Firing  Initiated  (Manual) 

605 

555 

4-X  ARCS  Stop,  MFS  Dtomp  Initiated  (Manual) 

635 

585 

MPS  Dump  Stop  (Auco) 

685 

610 

Entry  Flight  Software  Memory  Load 

1650 

1600 

Mach  3.5 

2100 

2050 

Landing 

’^The  latest  TAL  (METaSSS  seconds)  is  defined  as  one  which  permits  Centaur 
residuals  of  10,000  lbs  at  MECO  (LH2  =  2800  lbs,  LOX  »  7220  lbs).  There 
are  also  2500  lb  of  OMS  propellant  remaining.  The  last  TAL  abort 
opportunity  is  at  U25  seconds.  However,  excessive  Centaur  and  OMS 
residuals  remain  at  MECO  (LH2  »  5980  lb,  LOX  »  27,650  lb;  OMS  *  13,000 
lb).  A  post-MECO  Centaur  and  OMS  propellant  dump  is  mandatory  to 
eliminate  the  hydrogen  (LHo)  residuals  prior  to  Landing.  Figures  C9-19 
and  C9-10  are  altitude/time  and  altitude/range  respectively  for  a  typical 
TAL  abort. 

C9.3.^  Centaur  Failure 

For  Centaur  Category  1  failures  occurring  with  the  payload  bay  door;,  open, 
ambient  conditions  on  orbit  cannot  support  a  LO2/LH2  explosion.  Tank 
conditions  would  be: 

LH2  tank:  21.5  psia,  A0*R,  saturated  vapor 

LO2  tank:  30  psia,  180*R,  saturated  vapor 

while  the  triple  point  values  are: 

hydrogen:  1.02  psia,  25*R 
oxygen:  0.02  psia,  98 *R 

With  the  bay  doors  open,  the  ambient  pressure  drops  to  less  than  C.l 
psia.  Freezing  of  the  hydrogen  can  reasonably  be  expected  to  occur  at 
pressures  below  the  triple  point  pressure  of  1.02  psia.  Should  rupturing 
of  the  tanks  occur,  vapor  would  blow  out  of  either  tank  at  supersonic 
velocities.  Immediately  after  exiting  the  tank,  solid  (slush)  H2  or 
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Oo  would  form  due  to  isentroplc  expansion.  This  solidification  acts  to 
prevent  or  reduce  the  mixing  and  interaction  of  the  propellants  necessary 
for  explosion.  Some  solid  formation  would  occur  even  in  the  event  of  a 
CBM  accident.  By  the  time  tank  pressures  are  reduced,  in  just  a  matter  of 
seconds,  solids  would  also  form  inside  the  propellant  tanks,  and  the 
degree  of  hydrogen/oxygen  mixing  would  be  greatly  reduced. 

(:9.3.5  Centaur  Secondary  Failure 

A  Centaur  secondary  failure  is  defined  as  the  response  of  the  Centaur 
vehicle  to  Shuttle  failures.  These  are  also  termed  as  sympathetic  or 
Interactive  Centaur  failures.  In  certain  ET  failures,  the  explosive  yield 
from  a  primary  Shuttle  accident  is  so  large  that  it  completely  overwhelms 
the  explosive  contribution  of  the  Centaur.  That  is,  since  a  shock  wave 
emanating  from  an  ET  explosion  would  encounter  the  Centaur  tank  axially 
rather  than  frontally,  the  Centaur  propellants  would  more  likely  disperse 
and  burn  rather  than  mix  and  explode.  Intervening  Orbiter  structures  are 
here  assumed  to  offer  no  blast  wave  blockage. 

In  instances  of  a  low  equivalent  yield  from  a  Shuttle  accident,  a 
high-yield  Centaur  explosion  with  significantly  higher  shock  wave 
overpressures  can  be  produced  at  the  RTCs  owing  to  their  proximity  to  the 
Centaur. 

A  timeline  representation  of  an  RTLS  maneuver  is  shown  on  Table  C9-30 
beginning  with  the  start  of  Centaur  propellant  dump  and  terminating  when 
the  residual  liquid  hydrogen  has  boiled  off.  At  the  end  of  Centaur  dump, 
it  is  estimated  that  30  Ib  of  LH2  and  600  Ib  of  LO2  residual  fluid 
propellants  remain.  The  LH2  should  be  boiled  off  within  50  minutes 
after  touchdown. 


Table  C9-3  RTLS  Timeline 


Mission  Event 

Event  Time, 
sec 

Delta, 

sec 

Interval , 
sec 

Centaur  Start 
Dump 

T  +  255 

- 

- 

Centaur  End 

Dump 

T  505 

250 

1005 

Orbiter  Touch¬ 
down 

T  1260 

755 

Centaur  LH2 
Boil-Off 

Complete 

T  +  hUUO 

3180 

3180 
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After  the  250-sec  Centaur  propellant  dump  is  completed,  about  one  percent 
of  the  total  propellants  remain  during  the  RTLS  maneuver.  Given  an 
intermediate  bulkhead  rupture,  the  remaining  LH2  propellants  could  be 
expected  to  be  driven  into  the  LO2  tank  where  an  explosion  can  occur. 

The  predicted  overpressure,  based  on  FYRO  reference  curves,  is  less  than 
100  psi.  The  center  of  explosion  distance  is  estimated  to  be  about  25 
feet.  After  touchdown,  with  the  Orbiter  in  a  horizontal  attitude,  the 
resxdual  liquid  propellant  is  no  longer  in  direct  contact  even  with 
intermediate  bulkhead  rupture.  Moreover,  within  50  minutes,  the  remaining 
LH2  fluids  will  have  vaporized.  Modification  to  the  dumping  procedures 
are  planned  to  further  reduce  the  quantity  of  Centaur  residual  propellants. 
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Figure  C9-1  Shuttle/Centaur  System  Sunmary 
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Figure  C9-5  Tank  Insulation  System 
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Adapters  and  CISS 


Figure  C9-7  Centaur  Integrated  Support  System  (CISS) 


C9-22 


Figure  C9-8  Deployaent  end  Seperetion  Mechenisas 
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Figure  C9-10  Centaur  Pneumatic  Systems 
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Figure  C9-11  Stylized  Schematic  of  Propellant  Tank 
Pressurization  System 
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Figure  C9-15  Centaur  G-Prime  Fluid  Interfaces  with  Orbiter 
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Figure  C9-17  Shuttle/Centaur  CISS  Avionics  System 
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Figure  C9-18  Prelaunch  Controlled  Environment  and  Tanking  Timeline 
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Figure  C9-22  Centaur  m2  Residuals  Vs  Abort  Scenarios 
(Preliminary)  -  Continued 
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APPENDIX  CIO 

INERTIAL  UPPER  STAGE  (lUS) 


CIO.O  INTRODUCTION 

The  Collowing  data  were  extracted  from  the  Annotated  Bibliography 
Document,  Ref  No  016,  (Attachment  A,  lUS  ARAR,  SAC  Doc  D290-1001 7-1  ) . 

C 10 . I  GENERAL  DESCRIPTION 

The  Inertial  Upper  Stage  (lUS)  vehicle  is  to  be  an  integral  part  of  the 
Space  Transportation  System  (STS),  which  is  to  serve  the  operational  space 
requirements  of  the  Department  of  Defense  (DOD)  and  the  National 
Aeronautics  and  Space  Administration  (NASA)  in  the  1980  decade  and 
beyond.  The  lUS  system  will  also  be  used  in  conjunction  with  the  Air 
Force  Titan  3AD  expendable  launch  vehicle. 

The  lUS  baseline  vehicle  is  a  two-stage  solid-propellant  rocket  upper 
stage.  It  consists  of  a  propulsion  module,  an  avionics  module,  airborne 
support  equipment,  and  associated  structures  and  mechanisms.  Figure  ClO-1 
shows  the  lUS  Vehicle  and  airborne  support  equipment.  Basic  dimensions 
for  the  two-stage  vehicle  are  shown  in  Figure  ClO-2. 

CIO. 2  SYSTEMS  DESCRIPTION.  HAZARDOUS  MATERIALS.  SCHEMATICS 

CIO. 2.1  Propulsion  Module 

The  propulsion  module  consists  of  two  solid  rocket  motors  (SRMs),  a  thrust 
vector  control  (TVC)  subsystem,  and  a  reaction  control  subsystem  (RCS). 

The  SRMs  contain  a  maximum  of  27,400  lb  of  Class  II  propellant  in  the 
two-stage  configuration.  The  two  SRM  combinations  currently  planned  are 
shown  in  Figure  ClC-2.  The  baseline  lUS  vehicle  for  STS  incorporates  an 
extendible  exit  cone  (EEC)  on  the  second  stage.  The  EEC  is  not  included 
on  the  baseline  vehicle  for  Titan,  but  it  may  be  added. 

CIO. 2.1.1  Propulsion  System  -  A  vectoring  nozzle  provides  for  directional 
control  during  motor  burn.  For  greater  adaptability  to  various  missions 
and  payload  weights,  the  motor  is  designed  for  a  variable  propellant 
loading  range  of  50-100X  of  maximum  capacity.  The  motor  propellant  is 
cast  hydroxy  terminated  polybutadiene  (14%),  aluminum  (18%)  and  ammounium 
perchlorate  (68%).  The  case  material  is  a  filament-wound  composite  of 
epoxy-bonded  Kevlar  (aramid)  fibers.  Tlie  flame-side  of  the  nozzle  is 
fabricated  from  carbon/carbon-composite  materials  of  an  axisymmetric 
three-dimensional  structure  for  the  throat  and  entrance  sections  and  a 
two-dimensional  rosette  structure  for  the  exit  cone. 

The  functional  interfaces  and  overall  dimensions  of  the  rocket  motors  are 
shown  in  Figures  ClO-3  and  ClO-4.  Coaxial  cylindrical  skirts  are  provided 
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forward  and  aft  for  bolt  attachment  to  XUS  structure  provisions  are  made 
for  attachment  of  Thrust  Vector  Control  (TVC)  actuators  at  two  places,  90"' 
apart . 

The  Rocket  Motor  consists  of  the  following:  (a)  loaded  motor  case,  (b) 
nozzle  and  seal  assembly,  (c)  TVC  actuator  bracket  (2  each),  (d)  igniter 
(e)  safe  and  arm  device  (2  each),  (f)  ignition  ordnance  train  (2  each), 

(g)  Extendible  Exit  Cone  (EEC)  on  SRM-2  only. 

Maximum  and  target  weight  values  are  given  below  for  large  motors  with  the 
two  nozzle  configurations  and  the  full  propellant  loading.  Weight  given 
includes  the  actuator  brackets  and  the  ignition  system  (with  safe  and 
arm).  The  allowable  weight  for  offloaded  motors  is  reduced  by  the  change 
in  igniter  and/or  nozzle  weights:  (a)  with  the  two-stage  nozzle,  the 
target  weight  is  22,607  lb  and  the  maximum  allowable  is  22,757  lb  (generic 
I'onf iguration  is  the  60-inch  first-stage  nozzle);  (b)  with  the  short 
nozzle,  the  target  weight  is  22,565  lb  and  the  maximum  allowable  is  22,715 
lb.  Fully  loaded,  the  small  motor  carries  6002  lb  of  propellant  and  the 
large  motor  21,404  lb. 

The  propellant  has  a  Class  II  explosive  classification  and  will  not  ignite 
when  conditioned  to  2/5''F  for  a  period  of  eight  hours.  Propellant 
physical  properties  and  bond  strength  at  the 

propellant/liner/insulation/case  is  adequate  to  withstand  all  stresses 
induced  by  motor  firing  and/or  by  specified  environmental  conditions  at 
any  time  during  the  useful  life. 

The  rocket  motor  is  designed  to  sustain  design  limit  loads  without 
experiencing  detrimental  deformations  or  stresses  in  excess  of  the  yield 
strength  of  the  structural  material.  Design  limit  load  is  defined  as  the 
maximum  load  resulting  from  exposure  to  the  acceleration,  shock,  and 
vibration  environments  and  self-induced  thermal  and  pressure  loads.  The 
unit  is  designed  to  sustain  ultimate  loads  without  failure.  Ultimate  load 
is  defined  as  the  limit  load  times  the  design  ultimate  factor  of  safety. 
For  the  attaenments  and  associated  structure,  the  ultimate  factor  of 
safety  is  1.25  for  free-flight  load  conditions  remote  from  the  orbiter, 

1.4  for  captive  flight  loads  and  when  near  the  orbiter,  and  1.5  for  ground 
handling  and  transportation  load.  For  thermal  conditions,  the  minimum 
design  margin  above  and  below  the  expected  operating  temperatures  is 
11*C.  In  addition  to  the  above  factors  of  safety,  a  fitting  factor  of 
1.15  is  also  applied. 

All  pressurized  components  except  the  nozzle  throat  and  exit  cone  are 
subjected  to  a  proof  pressure  equal  to  1.05  times  the  maximum  expected 
operating  pressure  of  the  component  without  experiencing  detrimental 
deformation  or  stresses  in  excess  of  the  yield  strength  of  the  structural 
material.  Minimum  burst  (ultimate)  pressure  of  1.25  times  the  maximum 
expected  operating  pressure  will  be  withstood  without  the  failure  or 
rupture.  The  nozzle  throat  and  exit  cone  is  designed  for  an  ultimate 
factor  of  safety  of  1.25  for  the  worst-case  combination  of  pressure  loads, 
thermal  stresses,  and  TVC  actuator  loads,  considering  the  reduction  in 
shell  strength  to  be  expected  from  temperature  and  erosion  effects.  When 


ClO-2 


packaged  for  shipment,  the  rocKet  motor  and  the  ignition  system  will  be 
undamaged  Isy  sawtooth  shock  pulses  of  20  g  terminal  amplitude  and  11 
milliseconds  duration,  applied  to  the  shipping  container  in  any  lateral 
direction  or  in  an  upward  diredtion,  with  respect  to  the  intended  shipping 
attitude. 

The  motor  (cylindrical  shell)  structure  is  designed  to  withstand  the 
ultimate  net  section  design  loads  shown  below  for  bending  momenu,  torsion, 
and  transverse  shear  loads  applied  concurrently  with  either  the 
compression  or  tension  axial  load. 


1. 

Sending  moment 

12.8 

X 

106 

in-lb 

2. 

Torsion 

6.1 

X 

10^ 

in-lb 

3. 

Transverse  shear 

174.0 

X 

IQj 

in-ib 

U. 

Axial  compression 

270.0 

X 

103 

lb 

5. 

Axial  tension 

140.0 

X 

102 

lb 

The  rocket  motor  nozzle  is  capable  of  angular  deflection  in  any  direction 
to  an  angle  of  four  degrees  for  SRM-1  and  seven  degrees  for  SRM-2,  over 
Che  full  range  of  motor  chamber  pressure  and  with  the  least  favorable 
combination  of  manufacturing  tolerances.  The  nozzle  will  withstand, 
without  damage,  the  worst-case  combination  of  actuator  force, 
gravitational  load  (one  g  environment,  motor  axis  horizontal),  and  Impact 
loading  during  ground  checkout  and  predeplcyment  tests  of  the  thrust 
vector  control  system  with  no  chamber  pressure  in  the  motor.  Stall  force 
developed  by  each  actuator  may  be  as  high  as  750  lb  and  actuator  driving 
velocity  as  high  as  7.9  inches  per  second.  In  the  normal  operation  life 
of  the  motor,  nozzle  vectoring  is  expected  to  be  equivalent  to  ten  ground 
checkout  duty  cycles  and  one  mission  duty  cycle. 

A  closure  is  fitted  to  the  nozzle  to  seal  the  motor  interior  until 
ignition  occurs.  The  closure  will  fail  at  ignition  and  leave  the  nozzle 
contour  unrestricted.  It  is  designed  for  a  normal  (internal  minus 
external)  pressure  differential  of  25  psi  and  a  reverse  (external  minus 
internal)  differential  of  5  psi  (limit  load  conditions). 

The  motor  is  fired  by  application  of  electrical  firing  impulses  to 
redundant  safe  and  arm  devices  after  electrical  arming  of  the  devices  has 
been  accomplished.  Propagation  of  energy  via  explosive  trains  to  the 
igniter  results  in  initiation  of  propellant  combustion. 

The  ignition  system  is  illustrated  schematically  in  Figure  ClO-5.  The 
ordnance  trains  provide  redundant  energy  transfer  channels  from  the 
electro-explosive  initiators  in  the  safe  and  arm  to  the  igniter.  For  each 
SRM,  they  consist  of:  (a)  through-bulkhead  initiators  (two  required),  (b) 
shielded  mild  detonating  cord  assemblies  (two  required),  (c)  explosive 
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transfer  manifolds  (two  required),  and  (d)  confined  detonating  fuse 
'  assemblies  (4  required).  Ordnance  train  components  shall  not  autoignite 
when  subjected  to  a  temperature  of  +250’F  minimum  for  two  hours. 

The  through-bulkhead  initiator  (TBI)  design  provides  duration  transfer 
through  a  bulkhead  that  is  integral  with  the  TBI  body.  Explosive  material 
is  packed  intimately  against  both  sides  of  this  bulkhead  in  a  manner  that 
will  ensure  detonation  propagation  through  the  bulkhead  but  not  adversely 
affect  the  integrity  of  the  bulkhead.  The  TBIs  are  designed  for 
installation  in  ports  in  the  base  of  the  igniter  with  provisions  for 
sealing  against  the  chamber  pressure.  The  output  section  of  the  TBI  is 
also  hermetically  sealed.  When  tested,  the  leakage  will  not  exceed  1  x 
10~^  cc/sec  of  Hg  at  1  atm. 

Each  shielded  mild  detonating  cord  (SMDC)  assembly  includes  a  detonating 
cord  completely  enclosed  in  stainless  steel  tubing,  with  end  fittings  for 
attachment  to  the  mating  components.  The  confined  detonating  fuse  (CDF) 
is  similar  to  SMDC,  but  it  is  flexible.  Tip  booster  charges  will  ensure 
reliable  propagation  across  component  interfaces. 

The  Explosive  Transfer  Manifold  (ETM)  has  a  Y  or  T  junction  where  the  dual 
SMDCs  from  each  Safe  and  Arm  converge  into  a  single  SMDC,  which  continues 
to  one  TBI.  It  has  physical  interfaces  for  attachment  of  the  SMDC  end 
fittings  and  a  means  for  mounting  the  ETM  to  vehicle  structure. 

All  small  solid  rocket  motors  used  on  Orbiter  launched  missions  employ  an 
extendible  exit  cone  (EEC)  to  increase  the  effective  nozzle  length, 
thereby  improving  thrust.  The  EEC  is  deployed  just  before  motor  ignition 
by  the  EEC  deployment  mecha.iism.  The  preliminary  concept  of  the  EEC 
deployment  mechanism  (Fig.  ClO-6)  uses  four  furlable  thin-foil  extension 
booms  which  extend  the  telescoping  nozzle  exit  cones  approximately  40 
inches  aft  to  the  latched-up  position,  then  rotate  away  to  provide 
clearance  for  nozzle  vectoring.  The  deployment  mechanism  is  comprised  of 
four  boom  extension  units  equally  spaced  around  the  motor  nozzle,  a  motor 
drive  unit,  and  a  cable  system.  Each  extension  boom  is  fabricated  by 
welding  two  preformed  thin-foil  sections  together  to  form  a  somewhat 
circular  cross-section  with  flanges  on  opposite  sides  as  shown  in  Fig. 
ClO-6.  After  heat  treatment  and  flange  preparation,  the  boom  is  flattened 
and  coiled  on  a  storage  hub  in  the  boom  extension  unit.  Recessed  in  the 
boom  end  is  an  adapter  receptacle  that  engages  the  aft  exit  cone  incerface 
fitting.  At  EEC  deployment,  the  coiled  boom  is  drawn  from  the  storage 
drum  and  driven  out  by  two  sprocket  wheels.  As  the  boom  straightens,  it 
assumes  a  circular  shape  and  becomes  rigid.  Sprocket  wheel  torque  is 
provided  by  a  cable  drum  keyed  to  the  sprocket  shaft.  The  drum  in  each 
extension  unit  is  prewound  with  approximately  90  inches  of  aircraft  cable 
with  the  free  ends  attached  to  cable  take-up  sheaves  in  the  motor  drive 
unit.  Rotation  of  the  drive  unit  applies  equal  tension  to  all  four 
sprocket  drum  cables,  thereby  providing  synchronous  boom  extension.  The 
drive  unit  is  comprised  of  dual  motors  on  a  common  shaft,  drive  reduction 
gears,  and  the  drive  sheaves.  The  EEC  dual  drive  motors  are  powered  by 
squib-activated  thermal  batteries. 
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CIO. 2. 1.2  Reaction  Control  System  (RCS)  -  The  RCS  is  a  monopropellant 
blowdown  system  that  uses  hydrazine  as  the  propellant.  It  is  housed  in 
the  avionics  bay  of  the  lUS,  surrounding  the  upper  dome  of  the  second- 
stage  SRM.  The  RCS  contains  multiple  positive  expulsion  near-spherical 
propellant  tanks  and  multiple  thrusters  with  dual  series  inlet  valves  and 
80”  nozzles.  The  feed  system  is  manifolded  with  sufficient  filtering  to 
provide  the  required  propellant  to  each  thruster  inlet.  The  thrusters  are 
arranged  in  pairs  as  Reaction  Engine  Modules  (REM).  The  RCS  consists  of 
one  to  three  titanium  tanks  and  associated  control  valves  and  piping  to 
the  thrusters.  Each  tank  contains  122  lb  (nominal)  of  hydrazine, 
pressurized  by  380  psig  GN2  over  an  expulsion  bladder.  Each  tank  is 
isolated  by  an  ordnance-actuated  valve  from  the  feed  system  manifold 
piping.  RCS  isolation  valves  are  activated  after  deployment  from  the 
orbiter  or  after  separation  from  the  T-34D.  RCS  thruster  operation  is 
controlled  by  the  lUS  computer. 

The  Reaction  Control  System  operational  requirements  include  orienting  the 
vehicle  before  solid  rocket  motor  firings,  roll  control  during  the  motor 
firings,  vernier  corrections  for  motor  impulse  variations,  attitude 
control  and  maneuvering  during  transfer  orbit  coast  period,  payload  spinup 
if  required,  and  attitude  control  and  itianeuvering  after  payload  separation. 

The  RCS  is  shown  schematically  in  Figure  ClO-7.  A  modular  tankage 
approach  was  selected  to  maximize  flexibility  for  altering  propellant 
capacity.  Each  tank  is  self-contained  and  pre-serviced  before  lUS 
installation  in  the  Orbiter  and  requires  no  Orbiter  interfaces.  To 
minimize  leakage  potential,  propellant  is  isolated  in  each  tank  until  lUS 
deployment  and  system  activation.  Redundant  pitch-and-yaw  thrusters  face 
aft  to  preclude  spacecraft  plume  impingement.  Roll  thrusters  operate  in 
pure-couple  pairs  and  are  located  at  the  same  tangential  location  as  the 
yaw  thrusters.  The  tanks  are  initially  pressurized  to  380  psig  with  an 
85%  nitrogen/15%  helium  gas  mixture.  Isothermal  propellant  explosion 
results  in  100  psig  at  depletion.  The  system  is  designed  for  a  burst 
pressure  of  1720  psig  and  provides  a  design  factor  of  four  to  permit 
normal  personnel  operations  around  the  preserviced  tanks. 

The  RCS  Power  Distribution  Schematic  is  shown  in  Figure  ClO-8.  The  REM 
valves  and  isolation  valve  squibs  receive  power  from  the  utility 
batteries,  and  the  REM,  tank,  and  line  heaters  are  powered  by  the  avionics 
battery.  The  power  levels  will  be  32  Vdc  initially,  decaying  to 
approximately  24  Vdc  at  the  end  of  the  mission. 

A  three-view  drawing  of  the  Hamilton  Standard  lUS  REM  shown  in  Figure 
ClO-9  depicts  the  two  thrusters  mounted  side-by-side,  each  with  80“ 
nozzles  and  series  redundant  Valcor  solenoid  valves.  A  single  Dynatube 
inlet  fitting  puvides  propellant  to  both  thru.<;ters.  The  key  features  of 
the  lUS  thruster  designs  are  simplicity  and  low-cost  fabrication 
compatible  with  the  lUS  life  and  duty  cycle  requirements.  Typical  of  the 
approach  being  taken  is  the  configuration  of  the  REM.  Six  REMs,  each  with 
a  pair  of  thrusters,  are  used  on  each  lUS.  A  single  design  was  made 
possible  by  specifying  a  near-right-angle  nozzle.  Figure  ClO-9 
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Illustrates  how  a  pitch  module  can  be  converted  to  a  roll/yaw  module  by 
merely  clocking  one  of  the  thrusters  90*.  No  changes  in  either  mechanical 
or  fluid  interfaces  are  required. 

The  lUS  mission  times  and  thruster  duty  cycles  allow  the  use  of  warming 
pulses  to  maintain  minimum  propellant  valve  and  catalyst  bed  temperatures 
during  the  mission  without  prohibitive  expenditure  of  propellant.  For  the 
12  thrusters  on  lUS  and  10-hour  thermal-time  requirements,  the  propellant 
valves  can  be  maintained  above  40®F  with  about  3  lb  of  propellant.  The 
warming  pulse  concept  has  been  selected  over  individual  catalyst  bed  and 
valve  electric  heaters.  Low  wattage  heaters  will  be  installed  on  the  REMs 
to  keep  propellant  passage  temperatures  above  freezing  during  the  period 
prior  to  RCS  activation.  These  heaters  will  be  on  for  early  Orbital 
operations,  particularly  during  the  time  that  the  Orbiter  payload  doors 
are  open  and  the  lUS  is  still  in  the  payload  bay.  At  RCS  activation  after 
deployment,  the  REM  heaters  will  be  turned  off  and  will  not  be 
re-energized. 

The  RCS  is  the  only  pressurized  element  of  the  lUS  vehicle.  This  system 
consists  of  Reaction  Engine  Modules  (REMs)  connected  by  redundant  valves 
to  a  distribution  manifold.  The  manifold  is  connected  to  propellant  tank 
assemblies  (PTAs),  separated  from  the  manifold  by  explosive-actuated 
isolation  valves.  The  manifold  is  pressurized  to  25  psig  to  prevent 
intrusion  of  external  gases.  The  RCS  design  accommodates  either  two  or 
three  21 -inch-diameter  spherical  tanks  with  a  usable  capacity  of 
approximately  122  lb  of  propellant  each. 

The  installation  approach  is  illustrated  in  Figure  ClO-10.  Tank  material 
is  6A1-4V  titanium,  and  the  elastromeric  positive-explusion  diaphragm  is 
AF-E-332.  Mounting  is  on  trunnions  at  the  poles  of  each  hemisphere,  with 
gas  and  liquid  ports  located  in  the  trunnions. 

Tank  modules  consisting  of  tank,  GN2  and  N2H^,  fill  valves,  isolation 
valve,  and  related  plumbing  are  welded  and  tested  as  an  assembly.  The 
tank  modules  are  installed  in  the  lUS  by  connecting  the  mechanical  fitting 
to  the  feed  manifold  and  bolting  the  tank  module  to  the  trunnion  mounts. 

The  feed  system  as  shown  in  the  RCS  Schematic,  Figure  ClO-7,  consists  of 
service  valves,  filters,  and  the  hydrazine  manifold.  The  propellant  tank 
service  valves  are  used  only  on  the  ground  to  prefill  the  tanks  with 
hydrazine  and  pressurant.  The  valves  are  closed  and  capped  after  the 
servicing  operation.  The  isolation  valves  keep  the  manifold  dry  until  the 
Ills  is  deployed  from  the  Orbiter  payload  bay,  thus  minimizing  leakage. 

All  fittings  upstream  of  the  isolation  valves  are  welded.  Mechanical 
fittings  downstream  of  the  isolation  valves  permit  tank  installation, 
removal,  and  replacement.  System  filters  are  in-line  units  installed  in 
the  manifold  downstream  of  the  isolation  valves.  A  manifold  fill  and 
drain  valve  is  provided  to  allow  pressurizing  the  manifold  for  connector 
leak  tests  and  REM  valve  checkout.  The  circular  manifold  and  the  lines  to 
the  tanks  are  1/2-inch-O.D.  304L  stainless  steel  tubing.  The  REM  legs  are 
3/8-inch-O.D.  304L  tubing. 
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Thermal  control  provisions  consist  of  propellant  tank  heaters  and 
insulation  blankets,  propellant  line  heaters  and  insulation  blankets,  REM 
heaters  and  REM  "Warm"  pulsing.  The  tank  and  line  heaters  are  low-wattage 
redundant  element  units  that  are  energized  for  the  entire  mission.  The 
REM  heaters  are  provided  to  keep  the  REM  propellant  passages  above  the 
freezing  point  of  hydrazine  prior  to  deployment,  particularly  while  the 
Space  Shuttle  payload  bay  doors  are  open.  After  the  RCS  is  activated,  tlu? 
thrusters  will  be  pulsed  periodically  to  maintain  valve  temperatures  above 
freezing.  Table  ClO-l  summarizes  the  electrical  interface  data. 

CIO. 2. 2  Avionics  Module 

The  avionics  module  includes  the  following  subsystems;  computer,  antenna, 
power,  and  command  and  control.  The  avionics  module  is  connected  through 
tunbilicals  to  the  Airborne  Support  Equipment  (ASE)  and  to  each  spacecraft 
(S/C). 

Redundant  progtammable  computers  support  guidance,  navigation,  data 
management,  and  housekeeping  functions.  The  computer  monitors  pertinent 
equipment  for  status,  which  is  used  in  housekeeping  functions  and/or 
transmitted  to  the  Orbiter  and/or  ground  control. 

Antennas  are  located  on  opposite  sides  of  the  IDS.  The  antenna  subsystem 
is  composed  of  a  transponder,  power  amplifier,  RF  switch,  diplexer,  and 
the  antennas. 

There  are  four  sources  of  power  for  the  lUS  from  Orbiter  liftoff  until 
safe  separation  distance  has  been  achieved;  namely,  the  avionics  battery 
set,  the  utility  battery  set,  ASE  batteries,  and  orbiier  power.  The 
avionics  batteries  are  used  primarily  as  a  source  of  power  for 
electronics.  This  is  unregulated;  however,  a  dc-dc  converter  is  available 
as  a  kit  if  required  by  the  S/C.  The  utility  batteries  provide  a  separate 
power  source  for  TVC  motors,  RCS  valves,,  motor-driven  switches,  and  all 
vehicle  ordnance  devices  except  for  the  destruct  charge  on  Titan 
missions.  This  reduces  the  probability  of  conducted  interference  to  the 
electronics.  AS  atteries  and  orbiter  power  are  external  to  the  IU5 
vehicle  and  pro/xae  power  before  deployment  from  the  Orbiter. 

The  power  subsystem  provides  for  the  distribution,  control,  and  regulation 
of  orbiter  or  ground  power  to  the  lUS  vehicle/spacecraft  combination. 
Further,  this  subsystem  supplies  battery  power  to  supplement  Orbiter  power 
on  a  preplanned  basis.  The  power  subsystem  consists  of  a  power  contrnj 
unit,  an  orbiter  power  control  panel,  ASE  cables,  ASE  batteries,  and 
dc-to-dc  converters.  The  ASE  power  control  functional  interface  is  sho\m 
in  Figure  ClO-11. 
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Table  ClO-l  RCS  Electrical  Interface  Data 


REM  Input  Voltage  Required 
Thruster  Requirements 
Valve  Pull-In 
Valve  Drop-Out 
Max  Power,  per  Thruster 
(28  Vdc) 

Heater  Power  Allotments  (28  Vdc) 
REM  Heaters 
Tank  Heaters 
Line  Heaters 


22.5-32  Vdc 

15  Vdc  max 
I  Vdc  mill 

72  Watts 


3.2  Watts  Each  (Two  per  REM) 
5.8  Watts  Each  (Two  per  Tank) 
2.7  Watts  Each 


lUS  vehicle  and  spacecraft  power  is  supplied  by  lUS  batteries.  The  lUS 
power  subsystem  can  also  use  electrical  power  supplied  by  the  ASE 
batteries,  Orbiter  power  or  ground  power.  The  power  subsystem  provides 
for  switching  and  distribution  of  electrical  power  to  the  lUS  vehicle  and 
spacecraft.  Dual  buses  ensure  that  no  single  failure  can  disable  both  A 
and  B  channels  of  avionics.  For  the  two-stage  vehicle,  three  batteries 
(two  avionics,  one  spacecraft)  are  carried  in  the  first  stage;  five 
batteries  (two  avionics,  two  utility,  and  one  spacecraft)  are  carried  in 
the  second  stage;  and  three  batteries  are  mounted  on  the  ASE.  All  relays 
and  switches  used  on  lUS  are  hermetically  sealed. 

The  Power  Distribution  Unit  (PDU)  provides  for  electrical  power  transfer 
switching  between  ASE  power  and  internal  lUS  battery  power.  Separate 
avionics  and  utility  power  buses  are  provided  in  each  of  the  two  PDUs  for 
the  redundant  lUS  avionics  subsystems. 

The  Power  Transfer  Unit  (PTU)  provides  the  Stage  I  and  Stage  2  S/C  battery 
and  ASE  input  power  switching  functions.  An  interface  is  provided  for 
optional  inclusion  of  a  dc-to-dc  converter  if  regulated  power  is  required 
by  the  spacecraft.  Current  and  voltage  sensing  of  the  S/C  power  bus  is 
also  provided. 

The  Pyro  Switching  Unit  (PSU)  provides  power  for  all  ordnance  events 
except  Flight  Termination,  Ordnance  Bus  A  receives  power  from  Utility 
Battery  A  and  is  controlled  through  a  motor  drive  switch.  Ordnance  Bus  B 
is  similarly  arranged.  The  PSU  provides  for  ordnance  safety  interlocks, 
event  unable,  and  firing  of  EED  bridgewires  to  initiate  desired  ordnance 
events. 


The  major  lUS  software  areas  encompass  the  verification  and  validation 
simulator  software  (V&VSS),  the  mission  operations  segment  (MOS)  data  load 
software  and  the  MOS  post-processing  software.  Errors  in  any  of  these 
software  systems  or  their  associated  translators,  compilers,  loaders  host 
various  enable/disable  flags;  start  and  stop  times;  and  process  selection 
commands : 


1.  Plot  parameter  values 
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2.  Plot  bilevel  parameter  line-charts 

3.  Plot  single-parameter  distribution/histogram 

4.  Plot  multiple  distributlona/hiatograms 

5.  Tabulate  parameter  values 

6.  Monitor  for  out-of-limits  parameters 

7.  Record  reduced  parameter  file 

8.  Perform  SRM  burn  vehicle-weight  calculations 
Perform  parameter  change  calculations 

10.  Perform  velocity  change  Loss  calculations 

11.  Perform  RCS  burn  calculations 

12.  Perform  RCS  burn  time  delay  penalty  calculations 
CIO. 2. 3  Airborne  Support  Equipment  (ASE) 

The  lUS  ASE  is  a  subsegment  of  the  lUS  system  segment.  Specif ically,  the 
IDS  ASE  provides  for  support  of  the  lUS  vehicle  (with  attached  spacecraft) 
while  in  the  STS  Orbiter  payload  bay,  as  shown  in  Figure  ClO-1.  The  lUS 
ASE  consists  of  the  structure,  batteries,  electronics,  and  cabling  to 
support  the  lUS  vehicle/spacecraft  combination,  to  enable  the  deployment 
of  the  combined  vehicle,  to  provide  and/or  distribute  and  control 
electrical  power  to  the  lUS  vehicle  and  spacecraft,  and  to  provide 
communication  paths  between  the  lUS  vehicle  and/or  spacecraft  and  the 
Orbiter.  A  discussion  of  each  of  the  subsystems  follows. 

The  ASE  for  the  lUS  STS  vehicle/spacecraft  consists  of  a  cradle  assembly 
whose  structural  and  mechanical  components  are  used  to  hold,  tilt,  and 
release  the  joined  lUS  vehicle/spacecraft  from  the  STS  Orbiter  payload 
bay.  Figure  ClO-12.  The  major  components  of  the  cradle  assembly  are  the 
forward  frame  and  aft  frame.  The  forward  frame  engages  the  lUS  trunnions 
with  payload  retention  latch  assemblies.  The  forward  frame  in  turn  is 
engaged  by  fittings  on  the  Orbiter.  The  aft  ASE  frame  provides  the  means 
of  tilting  the  lUS  to  the  checkout  and  deploy  positions  and  releasing  the 
lUS  from  the  payload  bay.  The  secured  cradle  assembly  can  withstand, 
without  failure,  the  Orbiter-imposed  ultimate  environments  of  RCS  loads, 
pressure,  temperature,  acoustics,  shock,  and  vibration  during  all  phases 
of  shuttle  operations,  including  emergency  landing  of  the  Orbiter.  The  X, 
Y,  and  Z  deflections  resulting  from  the  various  imposed  loads  are  allowed 
to  occur  in  certain  attachments  by  the  use  of  sliding  surfaces  and  are 
restrained  in  other  attachments.  Stops  are  designed  into  the  system, 
which  stops  limit  cravel  so  that  the  lUS  system  is  contained  within  the 
geometrical  design  limits  set  forth  in  ICD-D-EOOOl.  When  tilted  with  the 
lUS,  the  cradle  assembly  can  withstand  Orbiter  vernier  RCS  loads  without 
failure . 
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CIO. 2. 4 


Structures  and  Mechanlsma 


Structures  include  Stage  1  and  2  assemblies,  equipment  support  structure, 
interstage  structure,  and  aft  skirt  structure.  Mechanisms  include  staging 
equipment  and  mechanical  elements,  including  ordnance  initiated  separation 
devices . 

C 10 . 2 . 5  T34D/IUS  Flight  Termination  System 

The  T34D/IUS  Flight  Termination  System  (Fig.  ClO-13)  is  designed  to 
destroy  the  pressure  integrity  of  the  lUS  solid  rocket  motors  in  the  event 
of  inadvertent  SRM  ignition,  premature  stage  separation,  or  issuance  of  a 
command  destruct  signal  to  the  T34D  by  the  Range  Safety  Officer.  The 
major  components  of  the  FTS  are  the  Titan  Interface  Unit  (TIU), 
breakwires,  utility  and  destruct  batteries.  Safe  and  Arm  device.  Explosive 
Transfer  System  train,  and  the  motor  case  cutter  (linear-shaped  charge). 
Each  stage  of  the  lUS  contains  the  required  FTS  hardware  to  operate 
independently  of  the  other. 

CIO. 3  MISSION  SCENARIO 

The  lUS  vehicle  will  be  configured  to  support  various  DOD  and  NASA 
missions,  which  are  primarily  geosynchronous  orbit  insertion.  The 
baseline  vehicle  is  a  two-stage  system  that  supports  the  geosynchronous 
mission.  With  the  exception  of  sizing  the  solid  propellant  stages  and 
hydrazine  quantities,  the  risks  are  similar  for  all  vehicles  exclusive  of 
spacecraft.  The  sequence  of  events  from  launch  complex  arrival  until  a 
safe  distance  from  the  Orbiter  is  achieved  following  deployment  is  the 
same  for  all  vehicles,  except  for  a  spacecraft  integration.  The  lUS 
Mission  Profile  is  shown  in  Figure  ClO-14,  and  Figure  ClO-15. 
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Figure  ClO-2  lUS  Vehicle  Configuration 
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Figure  ClO-4  Functional  Interface  Diagram 
(Small  Rocket  Motor) 
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Figure  ClO-5  Ignition  System  Schematic 
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Figure  ClO-6  Extendible  Exit  Cone  Deployment  Mechanism 
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Figure  ClO-7  RCS  Schematic  Diagram 
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Figure  ClO-8  RCS  Power  Distribution  Schematic 
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Figure  ClO-9  Reaction  Engine  Module 
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Figure  ClO-10  RCS  Tank  Installation 
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Figure  ClO-13  Independent  lUS/Titan  Destruct  System 
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Figure  CIO-IS  T-34D/IUS  Mission  Profile 
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APPENDIX  C12 
ORBITAL  TRANSFER  VEHICLE 


C12.0  INTRODUCTION 

The  following  data  were  extracted  from  the  OTV  Concept  Definition  and 
System  Analysis  Study,  System  Design  Concepts,"  presented  at  a  midterm 
review  to  NASA-MSFC  by  Martin  Marietta,  4-7  March  1985,  authors  Glen 
Dickman  -  Cryogenic,  and  Art  Inman  -  Storable;  and  also  from  the  "OTV 
Concept  Definition  and  System  Analysis  Study,  Operations,"  presented  at  a 
midterm  review  to  NASA-MSFC  by  Martin  Marietta,  4-7  March  1985,  authors 
Charlie  Gamer  -  Ground,  and  Jack  Mitchell  -  Flight. 

Presented  here  are  the  design  concepts  for  a  ground-based  cryogenic  OTV,  a 
space-based  cryogenic  OTV,  a  ground-based  (STS  aft  cargo  carrier)  storable 
propellant  OTV  (orbiter  launched),  and  two-stage  (Space-S tat ion-based) 
servicing  OTVs  (manned  and  unmanned). 

C12.1  GENERAL  DESCRIPTION 

C12.1.1  Ground-Based  Crvoaenic  OTV 

The  general  arrangement  and  weight  breakdown  of  the  ground-based  cryogenic 
OTV  is  shorn  in  Fig.  C12-1.  The  four-tank  single  advanced  technology 
engine  configuration  fits  easily  into  the  Aft  Cargo  Carrier  (ACC).  The 
40-foot-diameter  aerobrake  folds  forward  while  stowed  in  the  ACC.  It  is 
discarded  after  flight  and  not  stowed  in  the  orbiter  bay  for  retrieval. 

The  aluminuffl/lithium  propellant  tanks  are  designed  by  engine  inlet 
pressure  requirements.  Their  thinnest  gauges  are  0.018  in.  for  the  LO2 
tank  and  0.014  in.  for  the  LH2  tank.  The  tanks  are  insulated  with 
multilayer  insulation.  The  hydrogen  tanks  are  removed  on-orbit  and,  with 
the  core  system  (LO2  tanks,  structure,  avionics,  and  propulsion),  are 
stowed  in  the  orbiter  bay  for  retrieval  after  mission  completion.  The 
propulsion  and  avionics  subsystems  reflect  the  component  counts  previously 
discussed.  The  structure  is  of  lightweight  graphite  epoxy.  The 
propellant  load  was  selected  to  enable  full  use  of  projected  STS  lift 
capability  on  GEO  delivery  missions.  Note  that  the  resulting  payload 
capability  is  in  excess  of  any  identified  mission  model  requirements. 

The  ideal  OTV  program  would  begin  operations  in  a  ground-based  mode  and 
shift  to  a  space-based  mode  with  no  changes  in  the  flight  vehicle  design. 
In  this  way,  the  vehicle  could  be  flight  proven  in  a  familiar  launch 
environment,  and  the  stage  development  could  be  decoupled  from  the 
development  of  space-basing  operations.  Tliis  ideal  situation  is  not 
realizable  primarily  because  the  ground-based  system  cannot  be  designed  to 
perform  advanced  space-based  missions  within  the  limitations  in  the  lift 
capability  (size  as  well  as  weight)  of  the  STS. 

A  compromise  evolutionary  approach  meets  several  practical  criteria: 

Basic  subsystem  designs  should  be  proven  while  ground-based;  commonality 
of  hardware  and  operations  should  be  maximized  throughout  the  OTV  family; 
the  efficiency  of  the  ground-based  vehicle  should  not  be  penalized 
unnecessarily;  capability  should  be  added  to  a  flexible  system  concept  as 
required  to  meet  advancing  mission  requirements. 
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Growth  to  achieve  greater  mission  capability  is  accommodated  through 
addition  and  modernization  of  avionics  components  within  the  modular 
architecture  introduction  of  larger  propellant  tanks  and  Introduction  of 
more  capable  aeroshields.  Two  changes  are  necessary  to  achieve 
space-basing.  One  is  the  use  of  a  more  open  general  arrangement  to 
support  space  maintenance;  the  other  is  to  add  meteoroid  shielding  to  the 
propellant  tanks  to  protect  against  long-term  exposure.  The  open 
arrangement  has  a  profound  effect  on  the  appearance  of  the  space-based 
configuration  and  makes  it  necessary  to  use  redesigned  support  structure. 

C12.1.2  Initial  Space-Based  Cryo  OTV 

The  initial  space-based  cryogenic  OTV  is  derived  from  a  ground-based 
concept,  but  there  ate  several  important  differences.  Propellant  capacity 
has  been  increased  to  55,000  pounds  to  enable  GEO  delivery  capability  to 
20,000  pounds  of  payload.  Minimum  tank  gauges  have  been  reduced  to  0.010 
in.  on  the  LO2  tank  and  0.012  in.  on  the  LH2  tank,  reflecting  lower 
engine  inlet  pressure  requirements.  Meteoroid  shielding  has  been  added  to 
the  tanks.  The  general  arrangement  has  been  opened  up  to  permit  servicing 
at  the  Space  Station,  when  necessary,  by  a  space-suited  astronaut. 
Redundancy,  including  two  main  engines,  has  been  added  to  increase  mission 
reliability.  Avionics  units  have  been  mounted  on  an  avionics  ring  at  the 
forward  end  of  the  vehicle  to  simplify  space-based  maintenance.  The 
aeroshield  is  designed  to  withstand  a  peak  pressure  of  35  psf,  enabling 
retrieval  of  the  unmanned  servicing  spacecraft. 

C12.1.3  Growth  Space-Based  Crvo  OTV 

The  general  arrangement  and  weight  breakdown  of  the  Growth  Space-Based  OTV 
is  shown  in  Figure  C12-2.  In  most  respects,  this  vehicle  is  identical  to 
the  initial  space-based  OTV.  The  basic  structure  is  identical;  the  level 
of  subsystem  redundancy  is  the  same.  Because  the  electrical  powet 
subsystem  and  reaction  control  subsystem  are  fed  from  the  main  propellant 
tanks,  no  subsystem  changes  are  needed  to  accommodate  different  mission 
durations.  Design  variation  does  result  from  changes  in  propellant  load 
and  heating  environment  resulting  from  the  delivery  and  retrieval  of 
heavier  spacecraft.  Tank  size  is  increased  to  accommodate  an  81,000-pound 
propellant  load.  This  is  large  enough  to  perform  the  largest  lunar 
missions  in  a  two-stage  configuration  without  excessive  compromise  in 
meeting  the  manned  GEO  sortie  mission  requirement.  Since  the  manned 
return  increases  the  retrieved  payload  to  14,000  pounds,  the  peak  design 
pressure  of  the  aerobrake  is  increased  to  63  psf.  This  results  in  an 
increase  in  TPS  thickness  and  aerobrake  structural  strength. 
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Ground-Based  ACC-Storable  OTV 


T’ae  aft  cargo  carrier  configured  storable  OTV  aa  shown  in  Figure  C12-3  is 
built  around  a  subsystem  module  and  an  airframe  truss.  The  subsystem 
module  provides  mounting  space  for  the  avionics  components  and  support  for 
the  main  propellant  tanks.  The  airframe  truss  supports  the  tanks 
laterally  and  provides  the  attachment  for  the  main  engines  and  the 
aerobrake.  Both  the  subsystem  module  and  the  airframe  truss  will  be 
constructed  of  graphite  epoxy  composite  materials  to  minimize  weight.  The 
main  tanks  are  sized  to  contain  37,300  pounds  of  storable  propellants  and 
will  be  constructed  of  15-3-3-3  titanium.  The  tank  size  selected  is 
adequate  to  perform  the  mission  model  missions  in  1993  and  1994  within  the 
projected  72,000-lb  lift  capability  of  the  Space  Transportation  System 
(STS)  in  that  timeframe.  The  main  propulsion  system  engines  are  two 
XLR-132  engines  scaled  up  to  7500  pounds  thrust.  Extendable  exit  cones 
will  be  provided  to  an  exit  ratio  of  600  to  1.  The  nozzles  will  be 
extended  through  the  aerobrake  while  firing  and  retracted  inside  the  brake 
contour  during  the  aerobraking  maneuver.  The  selected  aerobrake  is  23 
feet  in  diameter  and  will  be  constructed  of  a  multilayer  'ibric  material 
of  Nicalon,  Q-felt,  and  Nextel  sealed  with  RTV.  The  fabr? j  will  be 
supported  on  a  graphite  polyimlde  frame  or  honeycomb.  The  center  section 
will  contain  the  door  through  which  the  engine  nozzles  will  extend  and 
retract.  The  physical  dimensions  and  weight  of  the  storable  OTV  require 
the  aerobrake  to  be  no  more  than  23  feet  in  diameter.  This  allows  the 
fully  deployed  aerobrake  to  fit  within  the  dimensions  of  the  aft  cargo 
carrier.  No  deployment  mechanisms  will  be  required.  At  the  end  of  the 
mission  the  outer  torus  of  the  aerobrake  will  be  jettisoned,  and  the 
remainder  of  the  OTV  will  be  installed  in  the  Orbiter  bay  for  return  to. 
Earth.  No  further  disassembly  of  the  OTV  is  required  to  fit  within  the 
envelope  of  the  P/L  bay.  The  with  statement  is  given  in  Table  C12-l(a). 

C12.1.5  Ground-Based  P/L-Bav-Storable  OTV 

A  minimum-length  OTV  as  shown  in  Fig.  C12-4  has  been  designed.  It  will 
fit  within  the  envelope  of  the  STS  P/L  Bay  and  still  leave  adequate  space 
for  the  longest  payloads  Identified  in  the  Mission  Model.  The  overall 
length  has  been  held  to  approximately  13.5  feet,  which  leaves  46.5  feet 
for  payload  and  ASE.  The  four  main  propulsion  propellant  tanks,  sized  for 
37,300  pounds  of  storable  propellant,  are  of  15-3-3-3  titanium  alloy  and 
are  supported  in  a  truss  and  skin  structure  of  graphite  epoxy.  The 
subsystem  equipment  is  fitted  into  the  quadrants  between  the  tanks.  The 
main  propulsion  system  will  use  the  XLR-132  engines  with  3750  pounds  of 
thrust.  Fixed  nuzzles  with  an  expansion  ration  of  400  to  1  were  selected 
to  minimize  length.  A  23-f t-dlameter  deployable  aerobrake  was  selected 
using  the  same  multilayer  fabric  selected  for  the  ACC  OTV  aerobrake  design 
over  graphite  polyimide  support  structure.  The  center  support  structure 
is  honeycomb,  and  the  outer  portion  is  rib  construction.  At  the  end  of 
the  mission,  the  outer  portion  of  the  brake  will  be  discarded,  and  the 
remainder  of  the  OTV  will  be  installed  in  the  Orbiter  P/L  bay  for  return 
to  Earth.  The  weight  statement  is  given  in  Table  C12-l(b}. 


Table  Cl 2-1  Weight  Statement 
(a)  Ground-Based  ACC  Storable 


Structure  ' 

826  lb 

Subsystem  Modules 

208  lb 

Airframe  Truss 

120 

Tanks 

218 

Engine  Mounting 

101 

Other 

179 

Aerobrake  Assembly  (23  ft  Dia) 

538 

Environmental  Control 

117 

Main  Propulsion  System 

939 

Reaction  Control  System 

116 

Electric  Power  System 

510 

Avionics  System 

422 

Dry  Weight 

3468 

Contingency  (13X) 

520 

Total  Dry  Weight 

3988  lb 

(b)  Ground-Based  Orbiter  P/L  Bay  - 


Structure 

1348 

Airframe 

410  lb 

Tanks 

458 

Engine  Mount 

375 

Other 

105 

Aerobrake  Assembly  (23- 

in  Diameter) 

542 

Thermal  Control 

117 

Main  Propulsion  System 

975 

Reaction  Control  System 

116 

Electric  Power  System 

422 

Avionics  System 

510 

Dry  Weight 

4030 

Contingency 

(15X) 

605 

Total  Dry  Weight  4635  lb 
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Spactt-Bastd  -  (GEO)  Delivery  Vehicle 


Either  evolving  from  an  Initially  ground-based  geosynchonous  OTV  as  shown 
In  Figure  C12-5  or  starting  as  a  space-based  OTV  the  basic  configuration 
of  a  storable  space  based  OTV  should  be  essentially  the  same.  The 
subsystem  module/alrframe  truss  forms  an  efficient  structure  to  support 
the  main  propulsion  system,  propellant  tanks,  and  avionics  and  electric 
power  system  equipment.  Repackaging  of  the  avionics  and  propulsion 
components  Is  necessary  to  accommodate  the  space-based  maintenance 
activities  Involving  a  limited  number  of  technicians  for  a  minimum  time. 
Accessibility  to  the  equipment  both  by  astronauts  In  EVA  gear  and  by 
robotics  has  been  a  consideration  In  configuring  the  space-based 
vehicles.  The  ground-based  vehicle  and  the  space  based  vehicles  have  much 
in  common.  The  avionics  components  are  the  same  except  for  added 
redundancy.  The  main  engines  and  feed  system  are  the  same 
7500-pound-thrust  XLR-132  engines  and  feed  system  selected  for  the  ACC 
ground-based  OTV.  The  main  propellant  tanks  are  sized  for  the  more 
ambitious  missions  Identified  for  later  years  when  the  Space  Station  will 
be  operational.  The  tank  diameter  is  the  same  as  selected  for  the 
ground-based  ACC  OTV  in  order  that  new  tooling  will  not  be  required  and 
that  the  assembled  OTV  can  be  delivered  to  the  Space  Station  in  the 
orbiter  payload  bay.  The  OTV  configuration  selected  for  delivery  of 
payloads  to  GEO  is  shown  on  Figure  C12-5.  The  vehicle  will  operate  as  a 
perigee  stage,  and  an  expendable  AiCM  will  be  provided  to  Insert  the 
payloads  into  geos}mchonous  orbit.  The  aerobrake  is  constructed  of  the 
same  materials  as  the  ground-based  ACC  brake.  The  size  has  been  increased 
commensurate  with  the  return  weight  of  the  vehicle.  Although  shown  with  a 
25-foot-diameter  brake,  this  vehicle  can  be  a  32-foot-dlameter  brake  when 
required  to  return  with  additional  equipment,  such  as  the  multiple  payload 
carrier  after  delivering  multiple  payloads. 

C12.1.7  Space-Based  Unmanned  Servicing  Vehicle 

The  unmanned  servicing  missions  to  GEO  will  be  performed  with  a  two-stage 
vehicle,  as  shown  in  Figure  C12-6,  made  up  of  the  GEO  delivery  vehicle, 
described  earlier,  as  the  first  stage  and  a  smaller  propellant  capacity 
stage  as  the  second  stage.  The  first  stage  will  perform  the  perigee  burn, 
separate  from  the  second  stage  and  payload,  coast  out  to  GEO  altitude, 
return  for  the  aerobrake  ntaneuver,  and  return  to  the  Space  Station.  The 
second  stage  will  continue  the  mission  with  the  apogee  burn  to  insert  the 
payload  into  GEO  orbit.  The  stage  will  stay  in  the  vicinity  of  the 
servicer  through  the  duration  of  the  mission  and  then  perform  the  deorbit 
burn  to  bring  the  servicer  back  to  the  Space  Station.  The  smaller  second 
stage  is  configured  similar  to  the  first  stage  but  with  smaller  tanks  and 
shorter  airframe  truss  structure.  The  subsystem  module,  engines  and  feed 
system,  avionics  equipment,  and  electric  power  system  are  the  same  for 
both  stages.  Tanks  for  the  EPS  fuel  cell  reactants  will  be  larger  for  the 
second  stage  because  of  the  longer  duration  of  the  Stage  2  mission.  The 
diameter  of  the  tanks  for  the  second  stage  are  the  same  as  the  first  stage 
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tanka  in  ordar  that  tha  tooling  Cor  tha  domes  can  be  comnon.  By  welding 
the  domes  of  tha  fuel  tanks  together  with  no  barrel  section  and  by  adding 
a  short  barrel  section  in  the  oxidlser  tanks,  the  propellant  capacity  for 
the  second  stage  is  approximately  25,400  pounds.  The  aerobrake  for  the 
second  stage  is  sised  at  32  feet  in  diasMter  to  bring  the  unmanned 
servicer  back  through  the  aeromaneuver.  Construction  of  the  brake  is  the 
same  for  both  stages. 
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Table  C12-2  -  Weight  Statement 
(a)  Space-Baaed  GEO  Delivery  Vehicle 


Structure 

915 

Subsystem  Module 

208  lb 

Airframe  Truss 

153 

Tanks 

209 

Engine  Mount 

120 

Other 

225 

Aerobrake  Assembly  (25  ft  Dia) 

590 

Maintenance  Provisions 

272 

Meteroid  Protection 

157 

Thermal  Control 

96 

Main  Propulsion  System 

1198 

Reaction  Control  System 

177 

Electric  Power  System 

460 

Avionics  System 

569 

Dry  Weight  A434 

Contingency  (ISX)  665 


Total  Dry  Weight 


5099  lb 
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Table  C12-2  -  Weight  Statement 
(b)  Space-Based  Unmanned  Servicing  Vehicle 


'UL'ltU 

Stage  1 

•ns  ih 

Stage  2 

Subsystem.  Module 

208  lb 

208  lb 

Airframe  Truss 

153 

113 

Tanks 

209 

106 

Engine  Mount 

120 

110 

Other 

225 

225 

Aerobrake  Assembly  (25 '/32'  Dia) 
Maintenance  Provisions 
Meteroid  Protection 
Thermal  Control 
Main  Propulsion  System 
Reaction  Control  System 
Electric  Power  System 
Avionics  System 

Dry  Weight 

Contingency  (15X) 

Total  Dry  Weight 


590 

887 

272 

272 

157 

108 

96 

96 

1198 

1098 

177 

177 

460 

480 

569 

569 

4434 

4449 

665 

667 

5099  lb 

5116 

Cl  2-8 


table  CU-?.  (Cont) 

(c)  Space-Baaad  Manned  Servicing  Vehicle 


Structure 

Subtystem  Module 
Airframe  Truss 
Tanks 

Engine  Mount 
Other 

Aerobr&Ue  Assembly  (32'x41'  Dla) 
Maintenance  Provisions 
Meterold  Protection 
Thermal  Control 
Main  Propulsion  System 
Reaction  Control  System 
Electric  Power  System 
Avionics  System 

Dry  Weight 
Contingency  (151) 


Stage  1 

Stage  2 

1218  lb 

915 

208  lb 

208  lb 

224 

153 

392 

209 

169 

120 

225 

225 

887 

1343 

480 

272 

226 

164 

152 

96 

1941 

1198 

197 

177 

460 

498 

569 

569 

6130 

5232 

920 

785 

Total  Dry  Weight 


7050  lb 


6017  lb 
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r I 2 . 1 . 8  Space-Based  Manned  Servicing  Vehicle 


The  manned  servicing  missions  to  GEO  will  be  performed  with  a  two-stage 
vehicle  as  shown  in  Figure  C12-7  made  up  of  the  GEO  delivery  vehicle, 
slightly  reoutfitted.  The  first  stage  has  a  larger  propellant  capacity 
stage.  The  first  stage  will  perform  the  perigee  burn,  separate  from  the 
second  stage  and  manned  capsule,  coast  out  to  GEO  altitude,  return  for  the 
aerobrake  maneuver,  and  return  to  the  Space  Station.  The  second  stage 
will  continue  the  mission  with  the  apogee  burn  to  insert  the  manned 
payload  into  GEO  mission  and  then  perform  the  deorbit  maneuvers  to  bring 
the  servicer  back  to  the  Space  Station.  The  larger  first  stage  is 
configured  for  ntaximuir  commonality  with  the  second  stage.  As  for  tlie 
small  stage  for  the  unmanned  servicing  vehicle,  the  major  difference  is  in 
the  tank  length  and  the  airframe  truss.  The  tar.Ks  are  lengthened  but 
retain  the  same  diameter  for  tooling  commonality  to  provide  capacity  for 
90,000  pounds  of  propellant.  Because  of  the  mass  of  the  complete 
vehicle/payload  stack,  two  additional  engines  have  been  added.  The 
four-engine  arranaoment  uses  the  same  7300-pound  thrust  XLIi-132  engine  but 
will  require  a  different  feed  system.  The  53,000-pound  propellant 
capacity  second  stage  is  the  same  basic  stage  as  the  GEO  delivery  vehicle 
and  the  first  stage  of  the  unmanned  servicing  vehicle  except  with  a  larger 
diameter  aerobrake  and  larger  capacity  fuel  cell  reactant  tanks.  The  fuel 
cell  reactant  tanks  are  sized  for  support  of  the  2^-day  manned  mission. 

The  aerobrake  is  increased  to  41  feet  in  diameter  because  of  the  weight  of 
the  returning  stage  and  manned  capsule. 

C12.1.9  OTV  Launch  Operations 

Launch  operations  analy....:S  have  been  performed  for  the  following: 

“  a  ground-based  OTV  launched  from  KSC  in  the  dedicated  ACC  (DACC) 
(cryogenic  and  storable  propellant  versions  analyzed  together  with 
differences  noted) 

T  a  ground-based  storable  propellant  OTV  launched  from  KSC  in  the  orbiter 
payload  bay 

-  a  space-based  cryogenic  propellant  OTV  (KSC  ground  processing) 

-  a  space -based  storable  propellant  OTV  (KSC  ground  processing) 

-  a  space-based  (cryogenic  or  storable  propellant)  OTV  (Space  Station 
p..  jssir.g, 

C12.1.10  Space-Based  OTV  Ground  Processing 

The  ground  processing  flow,  Figure  C12-8,  shows  the  facilities  used  for 
"vertical  processing."  It  was  assumed  for  this  analysis  that  this  was  the 
desirable  mode,  because  it  intersects  the  STS  flow  later  in  the  count. 


The  space-baeed  OTV  presents  a  minimum  amount  of  ground  processing  because 
the  major  buildup,  test,  and  servicing  will  be  performed  at  Space  Station. 

If  the  space-based  OTV  evolved  from  a  ground-based  program,  it  is  likely 
that  the  space-based  OTV  would  continue  to  use  the  same  dedicated  OTV 
facility. 


Cl 2.1. 11  OTV  Flight  Operations  Support 

OTV  flight  operations.  Figure  C12-9,  will  involve  a  number  of  ground 
operations  centers  as  well  as  several  spacebome  capabilities.  Nominal 
operations  for  ground-based  missions  will  tie  the  OTV  into  operations 
centers  at  JSC,  3SFC,  and  JPL  as  well  as  an  OTV  operations  center.  It  may 
be  possible  to  use  a  JSC  payload  MPSR  for  OTV  control  functions. 
Comriiunications  capabilities  between  the  OTV,  TDRS,  DSN,  and  orbiter  will 
be  used.  Navigation  data  will  be  derived  by  use  of  the  GPS  satellites  for 
missions  carrying  DOD  satellites.  Tie-ins  with  the  CSOC  and/or  the  STC 
will  also  be  necessary. 

For  space-based  missions,  additional  involvement  will  include  Space 
Station  support  for  initial  and  final  mission  phases. 

C12.2  SYSTEMS  DESCRIPTIONS,  HAZARDOUS  MATERIALS.  SCHEMATICS 

C12.2.1  Avionics  and  Power  Equipment  -  Cryo  Stages 

The  avionics  and  power  equipment  used  in  the  selected  family  of  cryogenic 
stages  is  stmimarized.  The  component  redundancy  levels  are  indicated.  The 
level  required  for  the  short-duration  ground-based  missions  is  somewhat 
less  than  that  necessary  for  the  space-based  vehicles.  In  the  space-baced 
vehicles,  the  redundancy  required  by  man-rating  (a  failsafe  return 
philosophy)  is  somewhat  greater  than  the  redundancy  suggested  by  mission 
"lost  cost"  considerations.  Man-rating  redundancy  is  incorporated  in  all 
space-based  configurations  as  indicated  in  the  space-based  column  of  the 
chart  because  the  analyses  indicated  it  was  not  economically  desirable  to 
maintain  two  different  avionic  configurations  in  the  space-based  program. 

Guidance  and  navigation  information  is  provided  b/  an  IMU  supported  by 
star-sensed  attitude  and  global  positioning  system  position  updates.  Ring 
laser  gyros  will  be  used  in  space-based  configurations  because  of  their 
long-term  stability.  Data  management  is  provided  by  redundant  central 
computers  and  mass  memories.  A  condition  monitor  is  provided  for 
space-based  vehicles.  Command  and  data  handling  is  single  string  in  the 
ground-based  vehicle,  redundant  in  the  space-based  vehicles.  A  redundant 
deployment  timer  provides  safe  deployment  from  the  orbiter  in  the 
ground-based  case,  but  is  not  involved  in  the  Space  Station  deployment 
scenario.  Communications  and  tracking  equipment  support  a  communications 
interface  through  both  STDN  and  TDRS.  Fuel  cells  fed  from  the  main 
cryogenic  propellant  tanks  provide  power — redundant  radiators  are  required 
for  the  space-based  vehicle.  The  ground-based  vehicle  requires 
end-of-mission  cryo  storage  tanks  to  provide  power  after  main  propellant 
tanko  are  purged  for  return  into  the  orbiter. 
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Table  C12- 


SUBSYSTEM 

GUIDANCE 
NAVIGATION 
AND  CONTROL 


DATA  MANAGEMENT 

TELEMETRY 

AND 

COMMAND 

COMML'NICATIONS 

AND 

TRACKING 

ELECTRIC 

POWER 

SYSTEM 


•  Avionics  and  Power  SysLem  Equipment  -  Cryo  Stages 


NUMBER  OF  COMPONENTS 

COMPONENT  GROUND  BASED  SPACE  BASED 


STAR  SCANNER 
STAR  TRACKER 
IMU 

GPS  RECEIVER 
GPS  ANTENNA  -  LOW  ALT 
GPS  ANTElfl^A  -  HIGH  ALT 
FLIGHT  CONTROLLER 
EXECUTIVE  COMPUTER 
CONDITION  MONITOR 
COMMAND  &  DATA  HANDLING 
TLM  POWER  SUPPLY 
DEPLOY  TIMER 
STDN/TDRS  XPONDER 
20W  RF  POWER  AMP 
S-BAND  RF  SYSTEM 
FUEL  CELL  (FC) 

FC  RADIATORS 

EOM  REACTANTS  TANKS 

FC  WATER  STORAGE 

POWER  CONTROL  &  DISTRIBUTION 


I 

N/A 

1  DTG 
1 

2 
1 
1 
2 

N/A 

1 

1 

2 

1 

1 

2 

2 

1 

1  SET 
1 

2 


N/A 

2 

2  RLG 
1 
2 
1 
2 
2 
1 
2 
2 

N/A 

2 

2 

2 

2 

2 

N/A 

1 
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C12.2.2  Propulsion  System  Equipment  -  Cryo  Stages 

The  propulsion  system  component  count  for  ground  and  space-based  cryogenic 
stages  is  summarized.  The  basic  redundancy  philosophy  followed  in  the 
propulsion  system  is  analogous  to  that  used  in  the  avionics  subsystems. 
Specific  identification  of  components  is  presented. 

The  cryogenic  stages  selected  use  advanced  technology  engines  delivering 
7500  pounds  of  thrust  at  a  specific  impulse  of  ^87.8  seconds.  One  engine 
is  used  on  the  ground-based  vehicle,  two  on  space-based.  Both  ground  and 
space-based  vehicles  use  an  autogenous  pressurization  subsystem  and  a 
thermodynamic  vent  subsystem.  The  propellant  feed  and  venting  subsystems 
on  the  ground-based  vehicles  require  more  valves  than  the  space-based 
vehicles  because  the  hydrogen  tanks  are  purged  and  removed  for  retrieval 
in  the  orbiter  on  each  flight.  The  pneumatic  control  subsystem  on  the 
ground-based  vehicle  is  powered  by  compressed  helium,  while  pressurized 
hot  oxygen  and  hydrogen  from  the  RCS  provides  pressure  gas  for  the 
space-based  system.  The  component  count  in  the  ground-based  RCS  subsystem 
is  particularly  low  because  it  uses  a  simple  monopropellant  hydrazine 
system.  A  more  complex  main  tank  fed  bi-propellant  RCS  system  was 
selected  for  the  space-based  vehicle  because  of  its  more  demanding 
attitude  control  requirements. 

C12.2.3  Ground  to  Space  Evolution  -  Storable  OTV 

The  goal  of  identical  stages  for  both  modes  of  operation,  is  not  fully 
realizable.  The  limitations  of  STS  lift  capability  as  well  as  the 
confines  of  the  ACC  and  the  Orbiter  Payload  Bay  dictate  certain 
compromises  in  the  ground-based  configurations.  As  a  result,  we  have 
developed  an  evolution  philosophy  that  will  capture  many  of  the  advantages 
of  developing  and  flight  proving  the  stage  in  the  familiar  ground 
enviro-iment  while  not  requiring  such  sweeping  changes  when  transforming  to 
space  operations. 

The  philosophy  can  be  stated  as  follows:  Prove  basic  subsystems  while  in 
the  ground-based  mode;  do  not  penalize  stage  efficiency  unnecessarily; 
incorporate  redundancy  and  capacity  as  mission  requirements  develop;  and 
maximize  commonality  of  hardware  and  systems  for  all  stages  in  the  OTV 
family. 

Implementation  of  the  ground  to  space-based  evolution  incorporates 
standardization  of  structural  configurations  in  the  supporting  structure 
and  tanks.  The  tanks  for  the  ACC  and  all  space-based  configurations  are 
the  same  diameter  and  vary  only  in  the  barrel  section  length.  This  will 
allow  development  of  common  tooling  for  production  of  all  tanks.  All 
aerobrakes  are  blunt  body  with  lift  vector  pointing  and  constructed  of  the 
same  materials.  Commonality  in  the  main  propulsion  system  is  built  around 
the  standard  XLR-132  engine  with  a  configuration  and  all  space-based 
configurations  except  the  90K  stage,  which  has  a  four-engine  arrangement. 
Avionics  commonality  and  flexibility  is  achieved  by  incorporation  of  a 
modular  architecture  with  a  plug-in  box  capability  for  adding  redundancy 
and  advanced  technology  at  the  box  level  when  available. 


C12-13 


C12-14 


When  the  OTV  operation  is  moved  to  the  Space  Station,  certain  changes 
become  mandatory  to  support  the  space-based  operation.  For  instance, 
maintainability  in  the  space  environment  requires  component  mounting  and 
location  compatible  with  robotics  and  EVA  access.  The  longer-duration 
missions  defined  for  the  space-based  OTV  require  the  addition  of 
protection  from  long-duration  meteoroid  exposure.  The  more  ambitious 
space-based  missions,  in  terms  of  duration  and  weight  as  well  as  adding 
man  to  the  payload,  dictate  increased  redundancy,  greater  tank  capacity, 
and  two-stage  operation  for  round-trip  servicing  missions. 

C12.3  MISSION  SCENARIO 

C12.3.1  Cryo  Configuration  Summary 

Figure  CI2-10  shows  the  family  of  cryogenic  stages  recommended  for  a 
nominal  mission  model  from  1993  to  2010.  The  ground-based  stage  is  sized 
at  45,000-pound  propellant  capacity  to  fully  use  STS  payload  capability 
when  launched  in  the  aft  cargo  carrier.  It  will  be  used  to  perform 
single-number  and  multiple-delivery  missions  from  1993  until  the  initial 
space-based  configuration  is  introduced  in  1995.  We  recommend  that  this 
stage  employ  a  single  7500-pound-thrust  advanced  technology  engine.  The 
configuration  is  tightly  packaged,  to  fit  assembled  in  the  aft  cargo 
carrier  and  uses  a  foldable  40-fo '>t-diameter  fabric-covered  aerobrake. 

The  aerobrake  is  designed  to  support  empty  stage  return  at  a  maximum 
surface  pressure  of  23  psf. 

The  initial  space-based  configuration  is  derived  from  the  ground-based 
stage.  Its  55,000-pound  propellant  load  was  selected  to  support  the 
driving  20,000-pound  delivery  mission.  It  uses  two  engines  of  the  same 
type  and  most  of  the  same  avionics  components  as  the  ground-based 
vehicle.  We  believe  that  the  arrangement  must  be  opened  up  to  facilitate 
maintenance  in  space.  Mission  duration  is  increased  to  10  days  to  support 
the  unmanned  servicing  mission.  A  44-foot  aerobrake  is  required  to 
protect  the  open  configuration,  and  its  35-psf  design  pressure  supports 
return  with  the  unmanned  servicer. 

A  growth  stage  is  needed  to  support  manned  GEO  and  the  larger  lunar 
missions.  Both  initial  and  growth  stages  will  be  maintained  at  the  Space 
Station  from  IOC  of  the  growth  stage  (1997,  per  the  nominal  mission  model) 
throughout  space-based  operations.  The  growth  stage's  81,000-pound 
propellant  load  was  selected  to  support  the  driving  Manned  Lunar  Sortie  in 
a  two-stage  configuration.  This  is  slightly  larger  than  the  75,590-pound 
load  required  to  perform  the  Manned  GEO  Sortie,  but  our  preliminary 
programmatic  trades  indicate  that  the  selection  of  the  slightly  larger 
stage  is  cost  effective.  The  mission  duration  of  the  growth  stage  is  up 
to  24  days  as  required  by  the  Manned  GEO  Sortie.  A  44-foot  aerobrake 
designed  for  a  63-psf  peak  pressure  enables  return  with  a  manned  capsule. 
The  two-stage  configuration  is  required  to  support  the  Manned  Lunar 
Sortie,  where  65,000  pounds  of  payload  is  delivered  in  conjunction  with  a  - 
15,000-pound  round-trip  manned  sortie. 
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This  table  C12~5  is  a  listing  of  the  major  components  of  the  electrical 
and  avionics  systems  and  shows  a  comparison  of  the  quantities  for  the 
ground-based  and  space-based  stages.  Additional  components  are  added  in 
the  space* based  stages  to  increase  the  probability  of  mission  success  and 
satisfy  the  man  rating  requirement  of  “no  single  failure  preventing  safe 
return  of  the  astronauts."  A  condition  monitor  is  added  in  the 
space-based  systems  tc  facilitate  space  monitoring  and  maintenance. 


Table  C12-5  Avionics  and  Power  System  Equipment  -  Storable  Stages 


Subsystem 


Component 


Number  of  Components 
Ground-Based  Space-Based 


Guidance  Star  Scanner  1 

Navigation  Star  Tracker  N/A 

and  Control  IMU  1  DTG 

GPS  Receiver  1 

GPS  Antenna  -  Low  Alt  2 

GPS  Antenna  -  High  Alt  1 

Flight  Controller  1 

Data  Management  Executive  Computer  2 

Condition  Monitor  N/A 

Telemetry  Command  and  Data  Handling  1 

and  TLM  Power  Supply  1 

Command  Deploy  Timer  2 

Communications  STDN/TDRS  Xponder  I 

and  20W  RF  Power  Amp  1 

Tracking  S-Band  RF  System  2 

Electric  Fuel  Cell  (FC)  2 

Power  FC  Radiators  1 

System  FC  Reactants  Tanka  2 

FC  Water  Storage  1 

Power  Control  &  Distribution  2 


N/A 

2 

2  RLG 
1 
2 
1 
2 
2 
1 
2 

N/A 

2 

2 

2 

2 

2 

2 

1 

2 


Table  CI2-6  presents  an  approximate  count  of  the  propulsion  components  for 
the  ground-based  and  space-based  storable  OVJ  configurations.  The 
differences  are  the  number  of  engines  on  the  stages  and  the  number  of 
quick  disconnects  required  to  facilitate  space  maintenance  of  the 
systems.  For  the  ground-based  configurations,  the  ACC  version  has  two 
XLR-137.  engines  with  7500-lbf  thrust  while  the  orbiter  payload  bay 
configuration  has  four  XLR-132  engines  with  3/50-lbf  thrust.  The  orbiter 
payload  bay  UTV  also  requires  additional  valves  for  the  dump  system 
required  for  abort  conditions.  Total  propellant  acquisition  devices  have 
also  been  added  in  the  propellant  tanks  of  the  space-based  stages  to 
assist  in  propellant  handling  at  the  Space  Station  propellant  terminal. 

The  selected  reaction  control  system  is  a  monopropellant  hydrazine  system 
for  the  ground-based  stages  and  a  main-tank-fed  bl-propellant  system  for 
the  space-based  stages.  Use  of  a  bi-prop  system  for  space-based  stages 
eliminates  an  extra  commodity  to  be  handled  at  the  Space  Station. 


Table  C12~6  Propulsion  System  Equipment  -  Storable  Stages 


Number  of 

Components 

Subsystem 

Connonent 

Ground 

Based 

Space 

Based 

Main  Enginw^ 

2 

4 

2 

4 

Pressurization 

Control  &  Check  Valves 

17 

17 

21 

21 

and  Vent 

Filters  &  Diffusers 

5 

5 

7 

7 

Quick  Disconnects 

5 

5 

9 

9 

Tanks 

1 

1 

1 

*> 

Propellant 

Valves,  Filters,  &  Screens 

18 

30 

14 

18 

Feed 

Quick  Disconnects 

2 

4 

10 

14 

P.U.  Probes 

4 

4 

4 

4 

Total  Acquisition  Device 

0 

0 

4 

4 

Pneumatic 

Control  Valves 

6 

10 

6 

10 

System 

Accumulators 

1 

1 

1 

1 

Quick  Disconnects 

0 

0 

2 

4 

Reaction 

Valves  &  Filters 

39 

39 

68 

68 

Control 

Quick  Disconnects 

3 

3 

16 

16 

System 

ACS  Thrusters 

14 

14 

14 

14 

Tanks 

1 

1 

2 

2 

Note;  Ground- 

based  RCS  is  mono-hydrazine;  space-based 

is  main  tank 

fed 

bi-prop. 


C12.3.2  GEO/HEO  Delivery  Capability  -  Ground-Based  Cryo 


GEO  delivery  capability  with  STS  projected  lift  capability  (72,000  lb; 

Eaat  launch  to  140  nini;  JSC;  Aug  1984)  is  in  excess  of  16,500  pounds. 

This  capability  is  in  excess  of  maximun  requirement  derived  from  the 
inistiion  model.  This  capability  reflects  a  flight  performance  reserve  of 
2X  on  all  required  mission  velocity  requirements;  fluid  residuals  ut 
burnout  of  1.5X  of  loaded  propellant;  mission  expendables  totaling  738 
pounds  over  a  3-day  mission;  net  trajectory  shaping  losses  of  338  ft/sec; 
and  an  advanced  engine  delivering  7500  pounds  of  thrust  at  a  487.S-serond 
specific  impulse. 

A  summary  of  the  high  Earth  orbit  (REO)  capability  of  the  selected 
ground-based  cryo  is  presented.  The  GEO  capability  is  in  excess  of  16,500 
pounds.  The  Lunar  delivery  capability  reflects  the  same  general  ground 
rules  as  the  GEO  delivery  mission,  that  except  total  mission  duration  is 
increased  to  21  days  and  mission  expendables  to  1611  pounds.  An 
approximate  17,000-pound  payload  capability  results.  The  planetary 
delivery  mission  reflects  a  mission  plan  that  drives  the  OTV  and  its 
payload  (spacecraft  plus  klckstage)  to  a  C3  of  9  (km/sec)  squared;  retros 
the  OTV  into  a  4-day  return  orbit;  uses  a  two-burn  technique  to  turn  the 
OTV  into  the  regressed  orbiter  orbit;  and  returns  to  the  orbiter  using  an 
aeroassisted  maneuver.  An  approximate  18,000-pound  payload  capability  to 
€3*9  results. 

C12.3.3  Manned  GEO/HEO  Sortie  Capability  -  Growth  Space-Based  Cryo 

The  selected  GEO  stage  size  has  a  capability  in  excess  of  15,500  pounds. 
The  propellant  penalty  for  the  selected  stage  size  with  14,000-pound 
spacecraft  is  approximately  170  pounds.  Our  preliminary  programmatic 
analyses  indicate  that  this  is  an  acceptable  compromise.  These  data  were 
generated  with  the  same  general  ground  rules  that  were  used  for  the 
initial  space-based  vehicle.  The  total  mission  expendables  budget  needed 
for  the  24-day  manned  lunar  sortie  is  estimated  at  1886  pounds.  The  net 
trajectory  shaping  losses  were  203  ft/sec.  As  in  the  Initial  space-based 
cryo,  propellant  for  the  electrical  power  subsystem  and  the  reaction 
control  subsystem  is  largely  retrieved  from  MPS  boiloff. 

A  summary  of  the  HEO  capability  of  the  selected  Growth  Space-Based  Cryo  is 
presented.  The  growth  space-based  OTV  is  capable  of  rountripplng  a  manned 
sortie  spacecraft  weighing  in  excess  of  15,500  pounds.  Lunar  and 
planetary  groundrules  were  as  described  for  the  initial  space-based  cryo. 
Lunar-one  stage  delivery  capability  is  nearly  39,000  pounds.  In  its 
two-stage  configuration,  this  vehicle  was  sized  to  perform  the  mission 
requirements  of  the  Manned  Lunar  Sortie  mission:  80,000  pounds  up,  15,000 
pounds  bacK.  The  one-stage  capability  to  a  planetary  (C3  ■  9  (km/sec 
squared)  mission  is  approximately  44,00  pounds. 
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C12.3.4  Storage  Configuration  Suinmary 


Figure  CL2-11  la  a  pictorial  presentation  of  the  complete  storable  OTV 
family  of  high  potential  stages.  This  family  of  stages  will  perform  the 
missions  identified  in  the  Mission  Model  with  the  exception  of  the  heavy 
lunar  missions  in  the  post  2006  timeframe.  Two  configurations  for  the 
early  ground-based  OTV  are  defined  on  the  left  of  the  chart:  one  carried 
aloft  in  the  ACC  and  the  other  configured  to  fit  in  the  Orbiter  Payload 
Bay.  Both  are  sised  to  take  advantage  of  the  total  lift  capability  of  the 
STS  in  the  early  1990g  and  are  outfitted  to  deliver  unmanned  single  or 
multiple  payloads,  as  identified  in  the  Mission  Model,  to  GEO  operating  as 
a  perigee  stage.  The  space-based  family  is  built  around  three  stages  with 
propellant  capacities  carefully  selected  to  most  efficiently  perform  the 
broad  range  of  identified  missions.  The  53,000-lbm  capacity  stage  is  the 
workhorse  configuration  that  has  an  application  in  all  GEO  missions. 
Operating  as  a  perigee  stage,  it  is  the  GEO  delivery  vehicle  for  single 
and  multiple  payloads.  For  unmanned  round-trip  servicing  missions,  the 
53,000-lbm  stage  is  combined  with  the  2S,000-lbm  stage  to  form  a  two-stage 
vehicle.  For  the  demanding  requirements  of  the  manned  trips  to  GEO,  the 
53,000-lbm  stage  is  mated  to  the  90,000-lbm  stage  to  form  another 
two-stage  configuration.  The  53,000-lbm  stage  will  be  fitted  with 
appropriately  sized  aerobrakes  for  the  size  and  weight  of  the  body  being 
returned  from  GEO.  When  only  the  stage  is  returning,  as  from  delivery 
missions,  only  a  25-foot-diaffleter  brake  is  required.  When  returning  from 
delivery  of  multiple  payloads,  the  multiple  payload  carrier  returns  with 
the  stage,  and  therefore  the  required  brake  size  is  32  feet  in  diameter. 
Bringing  the  manned  capsule  back  from  the  manned  servicing  mission  is  the 
most  demanding  mission  for  the  53,000-lbm  stage  and  requires  a 
41-foot-diaineter  brake.  The  90,000-lbm  stage  is  sised  for  the  first-stage 
application  on  the  manned  servicing  vehicle;  however,  it  will  be  the 
primary  vehicle  for  performing  the  plnnetary  missions  in  the  mission 
model.  Some  of  the  less  demanding  planetary  missions  can  be  performed  by 
the  53,000-lbm  and  ground-based  stages.  The  identified  application  for 
the  25,000-lbm  stage  in  the  current  mission  model  is  for  the  second  stage 
of  the  two-stage  unmanned  servicing  vehicle. 

C12.3.S  Ground  Based  -  ACC/P/L  Bay  Storable  -  Performance 

A  comparison  of  the  performance  capability  of  the  ground  based  ACC  OTV  and 
the  lift  capability  of  the  STS  shows  that  the  main  propulsion  system 
propellant  capability  is  for  payloads  of  10,000  to  14,000  pounds  delivered 
to  GEO  transfer  orbit.  Since  the  Storable  OTV  operates  as  a  perigee  stage 
for  delivering  payloads  to  GEO,  the  performance  calculations  have 
considered  the  impact  of  a  solid  apogee  kick  motor  (AKM)  to  provide  the 
energy  to  insert  the  payload  into  geosynchonous  orbit.  The  "STS  Cargo” 
curve  includes  the  weight  of  the  loaded  OTV  in  the  Aft  Cargo  Carrier  and 
the  weight  carried  aloft  in  the  ACC  and  the  Payload  bay,  the  weight  that 
remains  in  the  orbiter  during  the  mission,  and  the  weight  that  returns  to 
Earth  in  the  Orbiter.  The  intersection  of  the  ”STS  Cargo”  and  the  "STS 
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Lift  Capability"  curves  indicate  that  a  payload  of  13,150  pounds  plus  its 
AKM  can  be  delivered  to  LEO,  and  the  OTV  can  deliver  the  payload  and  AKM 
to  transfer  orbit  using  approxioiately  35,400  pounds  of  propellant.  The 
propellant  quantity  considers  the  quantity  required  to  return  the  OTV 
through  the  aerobraking  maneuver  and  circularising  at  an  altitude  for 
pickup  by  the  Orbiter  for  return  to  Earth. 

A  comparison  of  the  performance  capability  of  the  ground-based  OTV 
designed  to  be  carried  to  LEO  In  the  Orbiter  payload  bay  and  the  lift 
capability  of  the  STS  shows  the  inain  propulsion  system  propellant 
capabilities  for  payloads  of  10,000  to  14,000  Ibm  delivered  to 
GEO-transfer  orbit.  Since  the  Storable  OTV  operates  as  a  perigee  stage 
for  delivering  payloads  to  GEO,  the  performance  calculations  have 
considered  the  impact  of  a  solid  AKM  to  provide  the  energy  for  insertion 
of  the  payload  into  geosimchonous  orbit.  The  "STS  Cargo"  curve  includes 
the  weight  of  the  loaded  OTV,  the  payload,  and  the  ASE  in  the  Orbiter  P/L 
Bay.  The  "STS  Lift  Capability"  curve  is  72,000  pounds  for  a  140-nmi  orbit 
as  defined  by  NASA  for  use  in  this  study.  The  intersection  of  the  "STS 
Cargo"  and  the  "STS  Lift  Capability"  curves  define  the  maximum  payload 
(13,500  lb),  along  with  its  AKM,  that  can  be  carried  with  the  loaded  OTV 
by  the  STS.  The  OTV,  with  approximately  35,000  pounds  of  propellant,  can 
deliver  the  payload  and  AKM  to  GEO-trausfer  orbit  and  return  for  pickup  by 
the  Orbiter  for  return  to  Earth. 

C12.3.6  HEP  Capability  -  S3K/90K  Space  Based  Storable 

The  capability  of  the  selected  S3, 000-pound  storable  stage  is  to  deliver, 
with  the  assistance  of  an  expendable  AKM,  payloads  to  high-altitude 
circular  orbits  with  an  inclination  of  28.5  degrees.  It  is  significant  to 
note  the  extremely  heavy  payloads  that  can  be  delivered  to  orbits  up  to 
5,000  nautical  miles.  In  excess  of  60,000  pounds  can  be  delivered  to  a 
2,000-nmi  circular  orbit. 

The  capability  of  the  selected  90,000-lb  storable  stage  is  tc  deliver, 
with  the  assistance  of  an  expendable  AKM,  payloads  to  high  altitude 
circular  orbits  with  an  inclination  of  28.5  degrees.  Of  interest  is  the 
extreme  capability  to  the  lower  circular  orbits.  This  stage  can  deliver 
in  excess  of  109,000  pounds  of  payload  to  a  5,000-nml  orbit  or  as  much  as 
62,000  pounds  to  a  10,000-nmi  circular  orbit.  The  GEO-transfer  capability 
for  the  90K  stage  is  38,700  pounds  of  payload  plus  an  appropriate  AKM. 
Lunar  orbit  capability  when  the  stage  is  operating  as  a  single  stage  is 
approximately  22,500  pounds.  For  planetary  missions,  the  90K  stage  has 
the  capability  of  delivering  29,200  pounds  to  a  C3  «  V  (kui/sec)  squared. 

C12.-3.7  Planetary  Missions  With  Storable  OTVs 

Performing  planetary  missions  with  a  recoverable  OTV  requires  complex 
flight  maneuvers.  Our  scenario  involves  delivering  the  planetary 
spacecraft  to  C3  ■  9  (km/sec)  squared  with  the  OTV  and  theft  returning 
the  uTV  to  the  space  station.  The  remaining  energy  required  for  the 
spacecraft  will  be  provided  by  an  expendable  kick  motor.  Planetary 


iLltaionii  in  che  Misaion  Model  can  be  accompllahed  with  a  aingle-atage 
storable  OTV  uaing  one  of  the  atagea  in  the  space-baaed  family. 

Evaluation  of  the  planetary  miaaiona  indicate  that  approximately  25,000 
Ibm  to  76,000  Ibm  of  atorable  propellant  will  be  aufficient  to  accomplish 
each  iniasion.  Either  the  ACC-#  or  the  payload-bay-configured  ground-based 
OTV  has  adequate  capability  to  perform  the  near-Earth  asteroid  rendeavous 
nilsssion  in  199)  (approx Inui Lely  25, 000  Ihni  ot  propellant  lor  the 
AOC-ounl Igured  OTV).  The  Later  planetary  inissluna  will  require  either  the 
space  based  53,000-  or  90,000-lbm  stages  for  sufficient  propellant 
capacity  to  perform  the  missions. 

C12.3.8  Lunar  Miaaiona  With  a  Storable  OTV 


A  scenario  for  performing  the  lunar  missions  in  the  mission  model  with 
storable  or  a  combination  of  storable  and  minimum-development  cryo  stages 
is  presented.  The  early  lunar  missions  involve  delivering  payloads  of 
5,000  and  20,000  pounds  to  either  a  lunar  orbit  or  to  the  vicinity  of  the 
moon.  The  heavy  missions  for  manned  sorties  and  lunar  base  delivery  do 
not  start  until  the  year  2006.  Evaluation  of  the  capability  of  the 
storable  stages  in  the  space-based  inventory  shows  that  the  early  missions 
can  be  performed  quite  efficiently  with  a  storable  single-stage  vehicle. 
The  53K  storable  OTV  will  perform  the  early  5,000-pound  missions  with  just 
under  42,000  pounds  of  propellant.  The  20,000-pound  mission  can  be 
performed  with  the  90K  stage  using  a  little  over  84,000  pounds  of 
propellant.  The  post-2006  manned  and  lunar  base  missions  will  require  a 
new  development  first  stage  to  provide  the  energy  to  send  the  payload  with 
a  storable  stage  into  translunar  orbit.  The  stage  can  be  a  minimum 
development  stage  using  the  avionics  components  available  on  the  storable 
stages  and  two  existing  cryogenic  engines,  such  as  the  current 
RL-10A-3-3A.  The  53,000-pound  propellant  capacity  storable  stage  is 
adequate  to  perform  the  lunar  maneuvers  and  return  the  spacecraft  to 
Earth.  The  propellant  quantities  are  shown  for  this  combination  of  stages 
to  perform  the  heavy  lunar  missions. 


Lunar  Base  and  Manned  Mission  (Post-2006) 
Use  2  Stage  OTV 

Storable  Stage  2 

Min  Development  Cryo  Stage  1 


80,000 

80,000 

80,000 


lb  P/L  to 
lb  up  and 
lb  up  and 


Lunar  Orbit 
15,000  Return 
10,000  Return 


Stage  I 
Cryo 

147,561  Ibm 
157,994  Ibm 
154,500  Ibm 


Stage  II 
Storable 
31,178  Ibm 
39,422  Ibm 
36,674  Ibm 


Total 

Propellant 

178,739 

197.174 

191.174 
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C12.3.9  Ground-B«»«d  OTV  Mission 

The  mission  sctnsrio  developed  Cor  the  ACC-launched  OTV  shown  in  Figure 
C12-12  differs  in  several  important  respects  from  that  of  a  typical 
payload -bay-launched  payload. 

The  orbiter  0M$-2  bum  establishes  a  130-nini  intermediate  rendezvous  orbit 
at  45  minuter  MET.  This  altitude  was  selected  as  a  compromise  to  maximize 
injected  payload  weight  while  keeping  drag  on  the  orbiter  at  an  acceptable 
level  for  subsequent  LEO  operations.  At  I  hr  25  min  MET  the  OTV  completes 
a  series  of  burns  to  circularize  at  140  nmi  and  await  rendezvous  by  the 
arbiter.  A  standard  orbiter  rendezvous  sequence  is  initiated  by  an  OMS 
bum  at  4  hrs  9  min  MET.  At  6  hrs  24  min  the  orbiter  achieves  a  stable 
nosition  approximately  8  nmi  behind  and  co-orbital  with  the  OTV. 

On  the  second  mission  day  the  orbiter  accomplishes  the  final  phase  of  the 
rendezvous.  The  OTV  is  grappled  by  the  RMS  after  an  approach  that  brings 
the  orbiter  from  behind  the  OTV  to  a  position  1000  ft  ahead  of  the  OTV 
before  final  closure  to  grapple  range.  The  OTV  is  stabilized  for  payload 
mating  by  attaching  it  to  the  payload  installation  and  deployment  aid 
(PTDA)  using  the  RMS. 

Following  OTV  and  payload  mating  operations  as  well  as  final 
pre -deployment  checkout,  the  payload  and  OTV  are  released  by  the  RMS.  The 
orbiter  performs  maneuvers  to  provide  safe  separation  distance  and  return 
to  a  130-nml  orbit  to  await  eventual  retrieval  of  the  OTV.  The  OTV 
performs  a  series  of  burns  to  place  the  payload  in  its  mission  orbit. 

At  the  proper  time  for  orbital  alignment  and  phasing,  the  OTV  performs  a 
deorbit  bum,  which  establishes  the  proper  trajectory  for  aerobraking. 

The  bums  and  aeromaneuver  result  in  an  OTV  orbit  at  140  nmi  with  the  OTV 
phased  properly  for  subsequent  orbiter  rendezvous. 

Orbiter  rendezvous  is  accomplished  in  a  manner  similar  to  the  activity  at 
the  beginning  of  the  mission.  After  grappling  and  placement  on  the  PIDA, 
the  H2  tanks  (for  a  cryo  propellant  OTV)  are  removed  and  stowed  in  the 
payload  bay.  The  remainder  of  the  OTV  is  then  stowed  for  return  to  the 
launch  site.  For  storable  propellant  OTVs,  no  disassembly  is  required. 
They  can  be  stowed  in  the  bay  isknediately  after  grapple  without  use  of  the 
PIDA. 

Assessment  of  the  computer-generated  RMS  motions  for  the  OTV  grapple 
through  payload  mating  and  redeployment  indicate  that  there  are  no 
incompatibilities  with  the  RMS.  A  forward  bulkhead-movmted  CCTV  camera 
can  provide  visibility  of  the  PIDA  and  OTV  payload  interface  attachment 
areas. 


Ku-band  antenna  blockage  will  be  a  problem  for  most  orbiter  attitudes,  but 
the  s-band  comnunications  capability  should  provide  adequate  back-up 
communications.  The  thermal  environments  induced  on  the  OTV  and  orbiter 
while  the  OTV  is  mounted  on  the  PIDA  do  not  appear  to  cause  problems  for 
either  vehicle.  Propellant  slosh  effects  on  RMS  operations  have  not  been 
analyzed  but  could  be  alleviated  by  tank  design  If  necessary.  The 
operations  appear  to  be  feasible  based  on  a  development  program  for  the 
PIDA. 

C12,3.10  Space-Based  OTV  Mission 

OTV  missions  originating  from  the  Space  Station  shown  in  Figure  C12-13 
share  many  aspects  with  ground-based  missions.  There  are  also  significant 
differences  in  a  number  of  areas.  The  OTV  \s  initially  delivered  to  the 
Space  Station  in  major  subassemblies  which  are  put  together  and  checked 
out  in  the  OTV  hangar  at  the  station.  The  STS  continues  to  provide 
logistics  support  and  ferries  OTV  payloads  from  the  ground  to  the 
station.  After  payload  mate  and  checkout,  the  OTV  is  fueled  and  deployed 
from  the  Space  Station.  Upon  reaching  a  safe  distance  from  the  station, 
the  OTV  performs  transfer  and  circularization  burns  to  place  the  payload 
in  the  desired  mission  orbit.  At  the  appropriate  time  for  orbit  alignment 
and  rendezvous  phasing,  the  deorbit  burn,  aeropass,  and  return  orbit 
maneuvers  are  performed  to  bring  the  OTV  back  to  the  vicinity  of  the  Space 
Station  for  retrieval  and  servicing  for  its  next  mission. 

Several  options  for  OTV  deployment  and  return  uave  been  investigated. 

These  include  deployment  by  OMV,  by  tether,  and  by  OTV  separation 
mechanism  and  RCS  thrusting.  Return  options  include  OMV  and  tether 
rendezvous . 

Tethered  deployment  of  the  OTV  and  payload  offers  tin  opportunity  to  reduce 
the  OTV's  mission  velocity  requirement  and  hence  the  propellant  used. 

This  deployment  method  involves  the  attachment  of  the  OTV  to  the  end  of  a 
tether  on  a  payload  interface  module  (FIM).  The  tether  Ic  reeled  out  to  a 
length  of  as  much  as  80  nmi.  The  time  required  to  deploy  the  tether  is 
expected  to  require  four  to  six  hours. 

The  PIN  releases  the  OTV  and  payload,  which  are  instantaneously  placed 
into  3A2  x  801  nmi  orbit.  At  the  same  time  the  Space  Station  orbit  is 
reduced  to  20A  x  261  nmi.  It  should  be  noted  that  the  Space  Station  will 
probably  be  in  an  orbit  ^0  nmi  higher  than  shown,  assuming  tether 
operations  will  also  be  used  to  assist  deorbiting  of  the  Shuttles. 

After  release  by  the  tether,  the  OTV  performs  state  vector  and  attitude 
updates  in  preparation  for  its  transfer  orbit  burn  at  the  next  perigee 
passage . 
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C12.3.11  Ascent  Profile 

The  ACC-launched  OTV  ascent.  Figure  C-12-14,  is  based  on  a  standard  STS 
trajectory  leaving  the  ET  suborbital  at  MECO.  Performance  estimates  have 
shown  a  gain  o’’  several  thousand  pounds  of  payload  when  compared  with  a 
scenario  which  places  the  ET  into  orbit  with  the  orbiter.  The  OTV  is 
protected  from  ascent  atmospheric  environment  effects  by  the  ACC  shroud, 
which  is  jettisoned  shortly  after  SRB  separation. 

The  OTV  deplo3rment  sequence  begins  at  STS  MECO.  The  STS  and  attached  OTV 
are  in  a  16x80  nmi  sub-orbital  trajectory  designed  to  accommodate  CT 
disposal.  A  coasting  delay  follows  while  the  STS  nulls  out  shutdown 
attitude  transients.  Downward-firing  aft  RCS  jets  are  inhibited  until 
after  OTV  is  separated  in  order  to  prevent  plume  impingement  on  the 
exposed  OTV  located  directly  beneath  the  orbiter  boattail.  The  OTV  is 
separated  by  springs  that  provide  a  2  ft/sec  retrograde  relative 
separation  velocity.  After  30  seconds  of  coast,  sufficient  clearance 
exists  to  re-enable  the  inhibited  orbiter  RCS  jets.  A  normal  ET 
separation  sequence  follows  with  ET  impact  occurring  safely  downrange. 

C12.3.12  OTV/Orbiter  Trajectory  Plot 

Figure  C12-1S  depicts  a  polar  view  of  the  orbiter  and  OTV  trajectories 
leading  to  the  initial  rendezvous.  As  previously  described,  the  orbiter 
completes  OMS  bums  shortly  after  MECO  to  establish  itself  in  an 
intermediate  130-nmi  parking  orbit. 

Following  navigation  update  using  the  GPS  and  stellar  attitude  update,  the 
OTV  completes  burns  that  result  in  a  lAO-nmi  orbit  with  proper  phasing  for 
subsequent  orbiter  rendezvous.  NH-1,  NC-3,  and  NH-2  orbiter  burns  result 
in  an  orbiter  position  8  nmi  behind  the  OTV  at  the  same  orbital  altitude. 

C12.3.13  Ground-Based  Planetary  Mission 

Planetary  missions  flown  by  the  OTV  in  a  ground-based  mode.  Figure  C12-16, 
will  begin  from  an  orbit  with  an  inclination  and  launch  window  optimized 
to  achieve  the  desired  hyperbolic  velocity  vector.  After  deployment  and 
separation  from  the  orbiter,  the  OTV  main  engine  burn  places  the  OTV  and 
spacecraft  on  a  hyperbolic  escape  trajectory.  The  OTV  then  separates  from 
the  spacecraft  and  increases  the  separation  rate  by  performing  a  small  RCS 
burn.  About  15  minutes  after  separation,  the  OTV  performs  another  burn  to 
place  itself  in  a  highly  elliptical  orbit.  Three  additional  bums  are 
performed  on  this  ellipse  prior  to  the  aerobraking  maneuver.  Two  of  these 
burns  accomplish  a  plane  change  to  align  the  OTV's  trajectory  with  the 
orbiter  rendezvous  plane,  which  is  regressing  relative  to  the  OTV  orbit. 
The  third  bum  (actually  the  second  bum  in  sequence)  lowers  the  perigee 
of  the  ellipse  to  the  appropriate  altitude  for  the  aerobraking  maneuver. 
The  plane  change  maneuvers  are  designed  to  minimize  the  energy  required  to 
transfer  to  the  rendezvous  plane. 
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C12.3.14  Ground-Based  l2~Hour  Circular  Mission 

Orbit  transfer  to  high  inclination  orbits  must  also  account  for  rendezvous 
orbit  precession.  The  problem  of  deploying  payloads  to  different  inertial 
planes  adds  additional  complexity.  The  orbiter  is  launched  at  the  proper 
time  and  into  the  proper  Inclination  so  that  the  OTV  makes  an  in-plane 
transfer  to  the  first  satellite  plane.  The  plane  change  between  the  two 
inertial  planes  is  optimized  by  employing  a  three-burn  strategy.  The 
first  burn  recircularizes  at  the  payload  deployment  orbit  altitude. 
Following  deployment  of  the  second  payload,  the  OTV  performs  a  small  bun: 
to  set  up  proper  phasing  for  rendezvous.  A  combined  deorbit  and  plane 
change  burn  sets  the  OTV  on  a  trajectory  leading  to  the  aerobraking 
maneuver  and,  ultimately,  the  rendezvous  with  the  orbiter. 

C12.3.15  Manned /Unmanned  Servicing  Mission 

Other  variations  on  the  GEO  mission  are  the  GEO  manned  and  unmanned 
servicing  missions,  Figure  C12-17.  The  OTV  is  used  in  these  missions  as  a 
basic  orbit  transfer  vehicle  to  transport  autonomous  manned  or  unmanned 
servicing  vehicles  to  a  desired  location  in  the  GEO  arc.  Locations  within 
about  23°  longitude  can  be  achieved  by  selection  of  the  proper  node  for 
the  perigee  burn.  Fine  tuning  is  accomplished  by  using  two  perigee 
burns.  The  first  perigee  burn  places  the  OTV  and  servicing  vehicle  on  a 
phasing  orbit  with  a  period  (90  to  180  minutes)  selected  to  shift  the 
nodal  location  for  the  second  perigee  burn  to  the  longitude  appropriate 
for  the  GEO  orbit  target. 

Additional  propellant  can  also  be  loaded  to  allow  transfer  between 
locations  on  the  GEO  arc. 

C12.3.16  Space-Based  Planetary  Mission 

The  space-based  planetary  mission,  Figure  C12-18,  uses  a  strategy  similar 
to  the  ground-based  mission.  The  difference  is  in  the  launch  window  and 
orbital  inclination  of  the  OTV  deployment  orbit.  Because  the  Space 
Station  is  in  a  28.5°  inclined  orbit,  the  OTV  launch  window  will  be 
determined  to  minimize  the  total  plane  change  required  to  change  planes 
and  allow  rendezvous  in  the  Space  Station  orbit  plane. 

C12.3.1/  Lunar  Missions 

Lunar  missions  using  the  OTV  are  accomplished  stage  vehicles.  Two  perigee 
burns  are  employed  to  reduce  vnocity  losses  for  translunar  orbit 
insertion.  The  second  stage  accompanies  the  lunar  payload  into  lunar 
orbit  and  supplies  necessary  mid-course  circularization  in  lunar  orbit  and 
Earth  return  velocity.  Strategies  for  which  stages  to  combine  for  the 
range  of  lunar  missions  have  been  previously  discussed  for  cryo  and 
storable  propellant  OTVs. 


C12.3.18  Dcorbit.  Aeropasss.  and  Recovery  Orbit 


The  return  leg  for  space-based  missions^  Figure  C12-L9,  is  a  variation  of 
the  previously  described  ground-based  mission.  In  this  case  the  OTV  exits 
the  atmosphere  in  an  orbit  with  a  245-nmi  apogee.  The  phasing  orbit 
provides  an  opportunity  to  correct  inclination  and  relative  phasing  with 
the  Space  Station. 


At  the  appropriate  time  the  OTV  does  a  Hohman  transfer  to  the  Space 
Station  orbit. 
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Figure  C12-1  Ground-Based  Cryogenic  OTV 
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Figure  C12-2  Growth  Space-Based  Ciyo  OTV 
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Figure  C12-4  37. 3K  Ground-Based  OTV  (Orbiter  Launched) 
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Figure  C12-7  Space-Based  Manned  Servicing  Vehicle 
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Figure  C12-8  Space-Based  OTV  Ground  Processing  -  Vertical 


C12-35 


IIIMTI 


on 

>- 

CNJ 


5^ 


OJ 


CL 

on 


i/) 

>- 

< 

o 

«/» 

Cl 

CNJ 

on 

1 

m 

>- 

g  - 's; 

o~?  “■ 


«/> 

««• 

>• 

DA 

1 

40 

rn 

rn 

04 

'  N 
»■  > 
^  V 


n 

U 


C9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1 

Z 

o 

UJ 

=  rr 

LU 

>-  z 

un 

o  o 

C. 

c:  — 

o 

UJ  c. 

M  CO 

>- 

< 

UJ  O 

< 

_J  — 

o 

>- 

h-  CU  «/1  O 

h- 

>  — 

o 

o  ^ 

o 

o 

25'-'-^ 

UJ 

O 

< 

z 

o 

< 

o 

^— 

h-  o 

UJ 

cr 

O 

^  cs: 

>- 

CO 

UJ 

=>  U  UJ  UJ 

s 

z: 

o 

Q. 

< 

o 

UJ  UJ 

< 

on  z 

z 

UJ  QC 

o  z  rsi  ^ 

< 

>-  cz 

>- 

O  CO 

a. 

WM 

o 

UJ  —  < 
Z  CO  z 

o 

tx  H- 

h~ 

z 

z 

1  1 

Z  Ul 

O  UJ  Z  UJ 

-j 

UJ  UJ 

o 

o 

1  1 

< 

QC  — 1  O  mJ 

O  Z  <xi 

z 

UJ 

>  z: 

UJ 

MM 

UJ 

-J  h- 

z 

o  u> 

0^0 

_  UJ  UJ 

a. 

O 

CO 

wn 

_i  u> 

CO 

o  ^ 

_l « t/1  •- 

CO  a  ^  >£ 

oo 

o 

^  o 

< 

4/^ 

UJ  > 

E 

Z  3 

z 

<  z  on  z 

ICiSS 

< 

UJ  UJ 

MM 

MM 

o  vn 

on  z 

3  Cu 

Z  lU  ^  UJ 

GO 

Q. 

o  ^ 

<✓1 

y 

Z 

z 

Z 

CO  > 

o  ^  Z  > 

Z  Z  CO  z 

Figure  Cl 2- 10  Cryo  Configuration  Summary 
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Figure  C12-16  Ground-Based  Planetary  Mission 


Figure  C12-17  Manned /Unmanned  Servicing 
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APPENDIX  Cl 3 

PAYLOAD  ASSIST  MODULE  -  DELTA  (PAM-D) 


C13.0  INTRODUCTION 

The  following  data  were  extracted  from  the  Annotated  Bibliography 
Document,  Ref.  0A9. 

The  Payload  Assist  Module-Delta  class  (PAM-D)  was  developed  by  MDAC  to 
interface  with  the  STS  and  meet  the  needs  of  the  satellite  (hereinafter 
referred  to  as  "spacecraft")  users  for  increased  launch  vehicle 
performance. 

The  PAM-D  system  flight  hardware  consists  of  two  major  assemblies:  the 
expendable  vehicle  (EV)  and  the  airborne  support  equipment  (ASE).  An 
exploded  view  of  the  PAM-D  flight  hardv/are  is  shown  in  Figure  C13-1. 

C13.1  GENERAL  DESCRIPTION 

C13.1.1  Expendable  Vehicle 

The  expendable  vehicle  segment  of  the  PAM  consists  of  two  main  elements: 
Payload  Attach  Fitting  (PAF) 

Solid  Rocket  Motor  (SRM) 

C13.1.2  Payload  Attach  Fitting  (PAF) 

The  PAF  provides  the  structural  mounting  of  the  spacecraft  at  its  forward 
end  and  provides  the  load  paths  to  the  SRM  and  to  the  ASE  cradle  assembly 
while  attached  to  the  Orbiter.  The  PAF  is  cylindrical  and  has  two 
triangular  fittings  that  provide  the  load-carrying  paths  to  the  cradle 
forward  restraints.  These  restraints  are  retracted  to  permit  spin-up  of 
the  PAM  and  spacecraft  before  deployment  from  the  Orbiter. 

The  PAF  also  provides  the  mounting  accommodations  for  the  PAM  functional 
subsystems,  such  as  the  spacecraft  separation  clamp  band,  separation 
springs,  pyrotechnic  assemblies  (safe  and  arm  device,  explosive  transfer 
assemblies,  spacecraft  separation  ordnance,  and  yo-weight  system 
ordnance),  batteries,  and  the  electrical  control  assemblies  as  portrayed 
in  the  block  diagram  shown  in  Figure  C13-2. 

C13.1.3  Solid  Rocket  Motor  (SRM) 

The  SRM  constitutes  the  propulsive  element  of  the  PAM-D  stage.  It  is  a 
Thiokol  STAR-A8  motor,  which  comes  in  different  modr  s  containing  varying 
quantities  of  propellant  from  approximately  3833  to  4410  pounds.  The  SRM 
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contain*  through  bulkhead  initiators  (TBIs)  that  interface  with  the 
internal  toroidal  igniter  and  provide  the  means  of  ignition  from  the 
remote  safe  and  arm  device  via  the  explosive  transfer  assemblies  (ETAs). 

C13.1.4  Airborne  Support  Equipment  (ASE) 

The  safety  requirements  specified  in  Paragraph  216,  Reflown  Hardware,  NBH 
1700. 7A  will  apply  to  the  ASE.  The  major  elements  of  the  ASE  consist  of: 
cradle  structure  assembly,  spintable  assembly,  and  ASE  avionics. 

C 1 3 . I . 5  Cradle  Structure  Assembly 

The  cradle  is  an  aluminum  structure  that  mounts  in  the  Orbiter  cargo  bay 
at  four  longeron  and  one  keel  attachment  points:  the  cradle  supports  the 
PAM-D  stage  and  the  spacecraft  through  the  spintable  pallet  at  the  bottom 
and  through  the  forward  restraint.*;  as  shown  in  Figure  C13-1.  The  forward 
restraints  engage  the  fittings  projecting  from  the  PAF  and  are  the  main 
paths  for  carrying  lateral  loads  to  the  Orbiter. 

The  cradle  structure  assembly  includes  a  thermal  control  system  (TCS) 
consisting  of  (1)  thermal  blankets  and  heater  panels  mounted  on  the  cradle 
to  provide  thermal  protection  for  the  PAM-D,  and  (2)  a  passive  sunshield 
mounted  on  the  cradle  to  control  solar  input  to  and  heat  loss  from  the 
spacecraft  when  the  arbiter  bay  doors  are  open.  The  TCS  is  shown  in 
Figure  C13-3. 

C13.1.6  Spintable  Assembly 

The  spintable  assembly  provides  the  structural  and  electrical  interface 
between  the  cradle  and  the  SRM;  provides  upperstage  spin  stabilization 
using  spin  system  electrical  drive  motors,  and  provides  Orbiter-to-PAM 
separation.  The  assembly  includes  a  rotating  cylinder  to  mate  with  the 
SRM  using  a  "V"  Block  separation  clamp  band.  The  assembly  also  includes  a 
fixed  adapter  that  mates  with  the  cradle,  a  spin  bearing,  separation 
springs,  and  spin  drive  system  (including  spin  motors,  braking  and 
indexing  mechanism,  electrical  disconnect  brackets,  and  slip-ring 
assembly).  The  braking  and  indexing  mechanism  provides  for  reindexing  of 
the  PAF  in  the  event  of  an  aborted  deployment. 

C13.1.7  ASE  Avionics 

The  PAH-D  avionics  system  is  shown  in  a  functional  layout  in  Figure 
C13-4.  This  system  interfaces  with  the  STS  Orbiter,  the  PAM  stage,  and 
with  the  spacecraft  and  ius  ASE  avionics.  The  ASE  avionics  system  is 
designed  to  be  largely  self-contained  and  to  impose  a  minimum  requirement 
on  the  Orbiter  for  commands  or  crew  actions.  The  system  provides 
monitoring  of  all  functions  and  has  the  capability  for  crew  override  to 
implement  any  actions  required  outside  the  normal  sequencing.  The  ASE 
avionics  derives  raw  power  from  the  Orbiter  and  distributes  it  to  the 
PAM-D  system  and  to  the  spacecraft  and  its  ASE. 
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C13.2  DESCRIPTION  OF  SAFETY  CRITICAL  SUBSYSTEMS,  HAZARDOUS  MATERIALS. 
SCHEMATICS 


C13.2.1  Electrical  System  Description 

The  PAM-0  electrical  system  consists  of  two  major  subsystems:  Electrical 
Airborne  Support  Equipment  (ASE)  and  the  Expendable  Vehicle  Electrical 
System. 

The  electrical  ASE  consists  of  all  the  reusable  hardware  elemerts 
installed  on  the  cradle  and  spin  table.  The  electrical  ASE  performs  the 
following  functions: 

A.  Control  and  monitor  the  electromechanical  subsystems  which 
mount,  protect,  condition,  and  operate  the  expendable  vehicle 
aud  spacecraft  from  lift-off  through  deployment  from  the 
Orbiter; 

B.  Control  and  monitor  the  expendable  vehicle  electrical  systems 
as  required  to  ready  the  vehicle  for  deployment; 

C.  Provide  the  power,  command,  and  monitor  interfaces  with  the 
Orbiter  as  required  for  in-Orbiter  flight  and  ground  operations 
of  the  PAM  and  Spacecraft  systems. 

The  ASE  is  designed  to  be  as  self-contained  as  possible,  thereby 
minimizing  dependence  on  Orbiter  or  crew  functions  for  its  operation. 
Closed-loop  automatic  operation  of  most  systems  is  provided  by  the  ASE, 
while  the  Orbiter  is  required  to  command  the  start  of  each  sequence. 

The  Expendable  Vehicle  electrical  system  consists  of  two  major 
subsystems:  Sequencing  System  and  Telemetry  System.  The  Sequencing 
System  provides  those  timed  functions  required  after  deployment  of  the 
vehicle  from  the  Orbiter. 

A.  Ordnance  system  arm 

B.  PAM  motor  ignition 

C.  Spacecraft  separation 

D.  Yo-weight  deployment 

E.  Spacecraft  commands 

Initiation  of  the  Sequencing  System  is  accomplished  by  physical  separation 
from  the  Orbiter.  Sequencing  is  strictly  a  timed  function,  with  no 
up-link  capability  required. 

The  vehicle  telemetry  system,  which  is  a  mission  option,  includes  a  PCM 

encoder  and  an  S-band  transmitter/antenna  in  order  to  provide 

post -deployment  data  radiated  back  to  the  Orbiter  or  to  ground  stations. 
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Th«  PAM  electrical  system  is  designed  to  meet  the  Orbiter  safety 
requirements  through  the  use  of  series  functional  elements  in  critical 
circuits «  with  crew  interaction  as  required.  Parallel  redundancy  is 
Incorporated  for  mission  reliability,  with  the  design  objective  that  no 
single  failure  will  cause  loss  of  the  mission. 

C13.2.2  PAM/Orbiter  Interface 

The  interfaces  between  the  PAM  and  the  Orbiter  are  shown  in  block  diagram 
form  in  Figure  C13-5.  These  interfaces  are  designed  in  compliance  with 
JSC-14005,  Shuttle  Orbiter/Payload  Assist  Module  -  Delta  Class  Cargo 
Element  Interfaces. 

C13.2.3  Spin  Drive.  Brake,  and  Index 

C13.2.3.1  Mechanical  Subsystem  -  The  mechanical  aspects  of  the  PAM 
spintable  subsystem  include  the  following  vendor-procured  components: 

1B9957A-1  Brake  Assembly  (one  required) 

1B99517-1  Solenoid  Index  Assembly  (two  required) 

1B99801  Spin  Motor  (two  required) 

Each  spin  motor  is  a  0.7S-HP,  28-Vdc,  gear-reduced  assembly  driving  a 
5.20-inch-diameter  pinion  gear  through  a  Sprague-type  clutch  to  drive  the 
52.0-inch-diameter  ring  gear  attached  to  the  rotating  portion  of  the 
spintable  assembly.  The  two  mot  rs  are  redundant,  operation  of  either  one 
satisfies  the  spin-up  requirement.  The  Sprague-type  clutch  allows  the 
alternate  motor  to  operate  independent  of  a  "frozen''  armature  on  the 
second  motor. 

The  primary  functions  of  the  single  brake  assembly  and  two  solenoid 
assemblies  are  to  stop  the  spintable  and  to  index  and  lock  the  spintable 
into  the  original  prelaunch  position  in  the  event  of  an  aborted  PAM 
mission  after  spin-up.  The  brake  is  a  multiple  disc  (alternate  bronze 
inner  and  hardened  steel  outer  discs)  electric-coil-activated  assembly 
driven  from  the  spintable  by  a  5.20-inch-diaineter  pinion  gear  bolted  to 
the  freely  rotating  spider  end-cap.  Current  applied  to  the  coil  forces 
the  stacked  discs  together,  creating  sufficient  friction  to  slow  the 
pinion  gear/spider  assembly  and  bring  the  spintable  to  a  stop.  With  no 
current  to  the  brake  coll,  internal  springs  release  the  multiple  disc 
stack,  permitting  the  gear/spider  to  idle  essentially  tree  of  frictional 
torque  forces. 

Each  solenoid  index  assembly  consists  of  two  coils  (push,  pull)  activating 
a  rod  end  that,  when  extended,  engages  slot  provisions  in  the  bottom 
surface  of  the  spintable  ring  gear.  The  solenoid  assemblies  provide 
talkback  for  each  position  (engaged,  disengaged).  This  index  provides  the 
correct  repositioning  of  the  spintable  after  de-spin,  permitting 
reinsertion  of  the  payload  restraints  into  the  payload  attach  fitting 
(PAF).  The  solenoids  are  not  engaged  during  initial  shuttle  launch  and 
orbit . 
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C13*2*3*2  Spintabic  ClaMip  Sand  -  The  solid  motor  is  atta  to  the 
splntabl'i  by  a  two-piece  "V"  Block  clamp  band  which  is  secured  by  two 
bolts.  Separation  is  effected  by  actuation  of  ordnance  cutters  which 
sever  the  two  bolts.  The  clamp  band  release  system  is  redundant,  and 
cutting  of  either  bolt  will  permit  upper-stage  separe'.ion.  A  retention 
systi'Pi  is  provided  to  retract  and  retain  the  clamp  in  the  open  position 
after  release. 

C13.2.3.3  PAM  Spintable  Spring  Separation  System  -  The  spring  separation 
system  consists  of  four  self-contained  spring  rnators  of  1^00  pounds 
preload.  They  are  bolted  to  the  outside  of  ti  rvard  spintable 
structure.  A  guided  shaft  in  the  actuator  acts  coainst  a  reaction  fitting 
belted  to  the  solid  motor.  The  spring  actuator  assemblies  are  preloaded 
against  the  motor  push  pads  after  mating. 

Upon  release  of  the  spintable  clamp  band,  a  relative  velocity  is  imported 
to  the  PAM  expendable  vehicle/spacecraft  to  deploy  it  from  the  Orbiter  bay 
at  approximately  2.5  ft/s. 

C13.2.3.A  Payload  Restraint  Mechanism  -  The  payload  restraint  subsystem 
pLOvides  for  the  restraint  of  the  payload  (spacecraft)  for  launch,  boost, 
reentry,  and  landing  loads. 

The  complete  release  of  the  restraint  mechanism  allows  for  the 
pre-deployment  spin-up  of  PAM.  The  restraint  assembly  also  provides  the 
capability  to  resecure  the  payload  after  de-spin  in  case  of  an  abort. 

The  restraint  mechanism  consists  of  two  (ISO-degree  opposed)  three-link 
actiiating  assemblies.  Each  assembly  is  act’iated  by  an  electromechanical 
rotary  actuator.  The  actuator  is  powered  by  redundant  electrical  motors 
coupled  to  a  single  actuator  output  shaft  by  separate  gear  trains  through 
a  differential  assembly.  With  one  motor  operating  and  the  other  motor 
stalled  or  de-energized,  the  actuator  can  perform  the  required  operation. 
Redundant  limit  switches,  positioned  at  each  end  of  the  restraint 
mechanism  stroke,  control  the  linkage  travel  in  both  directions.  The 
limit  switches  also  provide  an  indication  of  the  position  of  the  restraint 
mechanism,  e.g.,  inserted  or  retracted.  Control  and  monitor  of  the 
sequence  of  the  events  that  retract  the  support  mechanism  and,  in  case  of 
abort,  reinsert  the  support  -«chanlsm,  is  achieved  by  the  sequence  control 
assemblies  (SCAs).  In  the  case  of  an  SCA  failure,  the  backup  SCA  can 
control  the  entire  spin  abort/re&ecure  system. 

C13.2.A  Propulsion  Subsystem 

The  STAR-48  PAM  rocket  motor,  Figures  C13-6  and  C13-7,  incorporates  a 
high-performance  solid  propellant,  a  thin-walled  titanium  case,  and  a 
semisubmerged  nozzle  that  includes  a  2-0  carbon/carbon  exit  coue  and  a  3-D 
carbon/carbon  throat  insert. 

The  major  motor  components  include  a  6A1-4V  titanium  case,  silica-filled 
ethylene  propylene  diene  monomer  (EPOM)  internal  insulation,  TP-H-3340 
hydro.\ylterminated  polybutadiene  (HTPB)  propellant  containing  89-percent 
total  solids  and  18-percent  aluminum  in  a  head-end  web  grain,  an  expansion 
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nozzle  that  incorporates  a  toroidal  aft-end  igniter,  and  twin  initiator 
ansemblies  (one  redundant)  each  with  a  through-bulkhead  initiator  (TBI). 

A  remote  safe-and-arro  assembly  and  twin  explosive  transfer  assemblies 
(ETAs)  are  provided  with  the  motor. 

Features  of  the  STAR  k7  motor  include: 

A  head-end-web  grain  design; 

An  89l  solids  propellant; 

A  car>'oa/carbon  nozzle  exit  cone,  high-strength  titanium  case,  and 
low-density  elastomeric  insulation; 

An  aft-end  toroidal  igniter. 

C13.2.A.1  Interfaces  -  The  spacecraft  attachment  flange  on  the  forward 
dome  provides  24  equally  spaced  5/16-24  UNF-3B  holes  on  a  37.456-lnch 
diameter.  A  "V"  Block  clamp-band  flange  for  PAM  spintable  attachment  is 
provided  on  a  46.100-inch  nominal  diameter  on  the  aft  dome,  41,500  inches 
aft  of  the  forward  dome  apex.  A  handling  with  a  49. 602- inch  diameter  is 
located  in  the  case  cylindrical  section.  The  motor  maximum  diameter  of 
49.910  Inches  is  located  at  a  series  of  tabs  21.188  Inches  forward  of  the 
nozzle  attachment  boss. 

C13.2.4.2  Case  -  The  case  is  a  6AL-4V  titanium  sphere  with  a  6.5-inch 
cylindrical  section.  Its  principal  diameter  is  48.970  .nches.  The  case 
has  integral  antenna  flanges,  yo-weight  tabs,  and  spring  tabs  located  on 
the  exterior  of  the  motor  case.  The  nozzle  attachment  flange  has  44 
mounting  holes  (5/16-24UNF-3B)  located  on  a  17.392-inch  diameter  circle. 

A  payload  attachment  flange,  located  on  the  forward  end  of  the  motor  case, 
provides  24  holes  (5/16-24UNF-3B)  on  a  37.456-inch  diameter  circle.  A  "V" 
Block  flange  with  a  46.110-inch  maximum  diameter  is  an  integral  part  of 
the  aft  hemisphere.  An  attachment  flange  foe  mounting  the  case  handling 
ring  with  a  maximum  diameter  of  49.602  inches  is  located  in  the  case 
center  section. 

The  motor  case  is  fabricated  from  solution  heat-treated  and  aged  6AL-4V 
titanium.  Each  hemispherical  dome  is  machined  from  a  closed-die 
hemispherical  forging  and  the  cylindrical  section  from  a  rolled-ring 
forging.  The  three  sections  of  the  case  are  joined  by  circumferential 
welds  using  the  tungsten  inert  gas  process.  A  single  opening  is  machined 
in  the  aft  hemisphere  to  admit  the  bolt-on  nozzle  igniter  assembly.  The 
tabs  and  flanges  are  machined  and  milled. 

Cases  are  heat-treated  to  provide  a  minimum  ultimate  tensile  strength  of 
165,000  psi  and  minimum  yield  strength  of  155,000  psi.  The  case  was 
designed  to  accommodate  1.25  times  the  maximum  expected  operating  pressure 


(MEOP)  of  688  psia.  The  hydrostatic  proof  test  pressure  level  for  each 
case  is  725  to  735  psig.  These  design  criteria  are  sunmarized  below: 

Hydroproof  pressure,  equivalent  to: 

(1.05)  (MEOP)  at  100*F  +  10  psig  725  to  735 

MEOP  at  HOT,  psia  688 

Minimum  design  burst  at  room  temperature, 

equivalent  to  (1.25)  (MEOP  at  110*F),  psia  860 

C13.2.4.3  Insulation  -  The  rocket  motor  case  is  internally  insulated  with 
silica-filled  EPDM  rubber  to  provide  thermal  protection  for  the  pressure 
vessel  during  motor  operation  and  to  maintain  the  external  surfaces  of  the 
case  below  700**F  during  thermal  soak.  The  case  insulation  consists  of 
forward  and  aft  internal  insulators. 

The  aft  Insulator  incorporates  a  boot  to  provide  stress  relief  for  the 
propellant  grain  shrinkage  during  cooldown  from  propellant  cure 
temperature  and  during  thermal  cycling. 

The  interior  and  exterior  of  the  aft  closure  and  toroidal  igniter  housing 
components  of  the  nozzle  are  also  Insulated  with  this  material. 

C13. 2.4.4  Propellant  and  Liner  -  TP-H-3340  is  a  composite  aimnonium 
perchlorate  propellant  that  uses  HTPB  fuel  binder,  isophorone  diisocyanate 
(IPDI)  curative,  an  imine  (HX-752)  bonding  agent,  and  an  aluminum  fuel 
additive. 

The  line  (TL-H-318)  has  the  same  elastomeric  binder  system  as  the 
propellant  and  uses  a  carbon-black  filler.  The  liner  is  brush-coated  onto 
the  internal  surfaces  of  the  insulated  case  and  then  cured  prior  to 
propellant  loading. 

C13.2.4.S  Propellant  Grain  -  The  3TAR-48  rocket  motor  has  an 
internal-burning,  case-bonded,  cast-in-place,  radial-slotted  propellant 
grain  (Fig.  Cl 3-8)  with  a  nominal  web  thickness  (including  insulation)  of 
20.47  inches  for  the  fully  loaded  configuration  and  17.97  inches  for  the 
off-loaded  configuration.  A  7-lnch  section  of  the  fully  loaded  grain, 
located  just  forward  of  the  radial  slot,  is  formed  in  a  10-point  star  to 
provide  the  surface  area  to  achieve  pressure-time  neutrality  early  in 
operation. 

A  fully  loaded  STAR  48  contains  4410  pounds  of  TF-H-3340  propellant  and 
the  off-loaded  version  for  PAM  contains  3833  pounds  of  TP-H-3340. 

C13.2.4.6  Nozzle  -  The  rocket  motor  has  a  39.7:1  (short  exit  cone)  or  a 
54.8:1  (long  exit  cone)  expansion  ratio  nozzle  assembly  (Fig.  C13-9)  with 
an  integral  toroidal  igniter.  Principal  components  of  the  nozzle  assembly 
are  a  3-D  carbon/carbon  throat  insert,  2-D  carbon/carbon  exit  cone,  an 
exit  cone  carbon  phenolic  support  insulator,  a  throat  pack  retainer  and 


insulators  of  carbon  phenolic,  and  an  aft  closure  and  igniter  housing  of 
6A1-4V  titanium.  EPDM  rubber  insulates  internal  and  external  titanium 
surfaces,  while  the  exit  cone  i«i  covered  with  carbon-felt  insulation.  As 
shown  in  Fljure  C13-10,  the  toroidal  igniter  chamber  is  formed  by  the 
igniter  housing  and  exterior  of  the  insulated  aft  closure.  Exhaust  gases 
flow  through  twelve  silica-phenolic  exhaust  ports  from  the  toroid  chamber 
onto  the  motor  propellant  grain. 

C13.2.4.7  Initiator  Assembly  -  Two  initiator  assemblies,  one  of  which  is 
redundant,  are  used  to  ignite  the  toroidal  igniter  propellant.  The 
initiator  usee  a  TP-H-317A  propellant  grain  bonded  into  a  paper-phenolic 
tube.  The  body  and  headcap  are  made  of  titanium  (6A1-4V).  The  initiators 
thread  into  the  aft  closure.  Initiator  exhaust  gases  are  channeled  into 
the  toroidal  igniter  by  a  small  stainless-steel  tube. 

C13. 2.4.8  TBI  and  ETA  -  A  through-bulkhead  initiator  (TBI)  ignites  each 
initiator  assembly.  The  TBI  contains  PETN  as  donor  and  receptor  charges 
and  a  pyrotechnic  output  charge.  It  mates  to  the  explosive  transfer 
assembly  on  one  end  and  to  the  headcap  of  the  initiator  assembly  on  the 
other. 


C13.2.5  Pyrotechnics  Subsystem 

The  pyrotechnics  subsystem  is  composed  of  the  following  elements: 


A.  Safe  and  Arm  Device:  Provides  protection  against  inadvertent 
activation  of  the  explosive  train  used  to  ignite  the  SRM  and, 
conversely,  ensures  the  timely  ignition  of  the  SRM  when 
required. 

B.  Bolt  Cutter  Assembly:  The  bolt  cutter  assemblies  have  two 
applications: 

1.  To  release  the  clamp  band  assembly  that  secures  the  PAM  to 
'  “ve  spintable  assembly  for  separation  of  the  PAM  from  the 
STS  (ASE). 

To  release  the  clamp  band  assembly  that  secures  the 
spacecraft  to  the  PAM  to  provide  for  separation  of  the 
.pacecraf t. 

C.  Cable  Cutter  Assembly:  To  release  the  cable,  allowing  the 
yo-weight  to  deploy  after  s pacecraf t/ PAM  separation  to  tumble 
the  ex  .iided  PAM. 


C13. 2.5.1  Safe  and  Arm  Device,  P/N  E29609  -  The  PAM  S&A  device,  Thiokol 
P/N  /^29609,  is  .  i  in  the  PAM  solid  motor  ignition  system.  It  is 
remotely  located,  and  motor  ignition  takes  place  via  redundant  explosive 
transfer  assemblies  (ETAs)  that  initiate  through  bulkhead  initiators 
(TBIs)  installed  in  the  pyrogen  igniter  in  the  aft  end  of  the  motor. 
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Table  C13-1  -  PAM-D  Non-Electric  Ordnance  Devices 


Name:  PAM-D  Solid  Rocket  Motor  (SRM) 

Part  Number:  1698497 

Milita:.‘y  Hasard  Classification:  1.3 

Military  Storage  Compatibility:  6 

DOT  Classification:  B 

Propellant  Composition  and  Weight: 

Propellant  Weight 

TP-H-3340  3833  to  4410  lbs 

Quality  Per  Vehicle:  1 
Manufacturer:  Thiokol 

Name:  Through  Bulkhead  Initiators  (TBI) 
Part  Number:  Thiokol  E2S446-02 
Military  Hazard  Classification:  1.4 
Military  Storage  Compatibility:  B 
DOT  classification:  C 
Explosive  Composition  and  Weight: 

Explosive  Weight 

PETN  0.130  grams 

Titanium  Cupric  Oxide  0.610  grams 
Quantity  Per  Vehicle:  2 
Manufacturer:  Teledyne  McCormick  Selph 

Name:  Explosive  Transfer  Assemblies  (ETA) 

Part  Number:  Thiokol  E31115 

Military  Hazard  Classification:  1.3 

Military  Storage  Compatibility:  B 

DOT  Classification:  C 

Explosive  Composition  and  Weight: 

Explosive  Weight 

HNS~I,  Grade  A  62-68  Milligrams 

HNS-II,  Grade  A  31-39  milligrams 

Quantity  Per  Vehicle:  2  Lor.g/2  Short 
Manufacturer:  Teledyne  McCormick  Selph 
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The  S{iA  explosive  train  consists  of  two  electrical  detonators,  two  ROX 
transfer  leads,  and  one  crossover  charge  (consisting  of  a  length  of  MDF 
with  PETN-filled  stainless-steel  cups  secured  to  each  end  of  the  MDF). 

The  crossover  charge  provides  a  croastrain  for  redundancy.  The  S&A  is  an 
electro-mechanical  device  that  prevents  inadvertent  motor  ignition  by 
providing  mechanical  interru^ti'^n  of  (1)  the  electrical  circuit,  and  (2) 
the  explosive  train.  In  the  safe  position,  the  firing  circuit  is  open 
(see  Fig.  C13-11)  and  the  detonator  leads  are  shorted  together  and 
grounded  to  the  case.  The  explosive  train  interruption  Is  provided  by  a 
mechanical  b.rrier  resulting  from  the  rotation  of  the  RDX  transfer  leads 
out  of  alignment  with  the  detonators.  The  rotary  switch  and  mechanical 
barrier  (rotor  assembly)  are  mounted  on  an  integrated  system  of  gears  and 
clutch-driven  shafts.  Motive  force  is  provided  by  a  reversible  DC  motor. 
Additional  S&A  characteristics  are  indicated  as  follows: 

A.  The  S&A  can  only  be  armed  electrically  but  can  be  safed  either 
manually  or  electrically. 

B.  A  safety  pin  is  provided  to  prevent  inadvertent  arming  of  the 
S&A.  With  the  safety  pin  in  place  and  the  S&A  electric  motor 
energized,  the  pin  is  locked  in  place  to  prevent  arming  and  to 
prevent  pin  removal. 

C.  A  visual  indicator  and  monitor  circuits  are  provided  to 
indicate  "SAFE"  or  "ARM"  status. 

D.  The  S&A  will  not  fracture  or  crack  when  initiated  in  either  the 
safe  or  armed  position. 

E.  All  fragments  of  the  explosion  are  contained  within  the  5&A 
housing  when  initiated. 

The  device  is  rated  at  I  amp  -  I  watt  for  five  minutes.  In  addition,  it 
includes  a  safety  design  feature  of  protection  for  25,000  volts 
electrostatic  discharge  (ESD),  and  each  detonator  is  tested  in  accordance 
with  the  ESD  procedure  set  forth  in  MIL-STD-1512,  without  the  series  5,000 
ohm  resistor  and  with  the  pins  shorted.  The  device  satisfies  the  intent 
of  USAF  range  safety  requirements  for  S&A  devices  as  specified  in 
Paragraph  3. 6. 9.7  AFETRM  127-1  and  NASA's  requirements  specified  in 
Paragraph  5.3.3,  JSC  08060. 

A  comparative  investigation  reveals  that  the  detonators  used  in  the  S&A 
device  are  similar  to  NASA's  standard  initiator  (NSI-1).  The  header, 
bridgewire,  and  initiating  charge  cup  design,  materials,  and  construction 
are  Identical  to  the  NSI-1.  Identical  procedures  for  assembly  and  loading 
of  the  pyrochemical  materials  are  used.  The  case  configuration  and 
adaptation  of  the  output  detonating  charge  are  modified  to  facilitate 
internal  installation  in  the  S&A  device.  The  electrical  characteristics 
are  also  identical  to  the  NSI-1. 
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CIJ.2.6  Structures  Subsystem 


The  structural  subsystem  is  coinprised  of  two  major  elomants: 

A.  The  airborne  support  equipment  that  is  flo%m,  returned,  and 
refurbished  for  subsequent  missions.  The  cradle  assembly  is  the 
primary  structural  element  between  the  STS  and  PAM/spacecraf t  with  the 
forward  restraint  system  providing  support  for  launch,  boost,  entry, 
and  landing.  The  spintable  assembly  is  the  mating  point  of  the 
PAM/spacecraf t  to  the  STS  and  induces  spin  stabilization  of  the  PAM 
and  separation  from  the  STS. 

B.  The  expendable  vehicle  is  the  solid  ro:ket  motor  (SRM)  and  the  payload 
attach  fitting.  The  payload  attach  fitting  is  the  interface  between 
SRM  and  the  spacecraft.  The  PAF  also  contains  :he  reaction  fittings 
that  attach  to  the  cradle  assembly  for  transfer  of  internal  loads. 

C13.2.7  Thermal  Control  System 

The  PAM  system  (expendable  vehicle  and  ASE)  will  be  exposed  to  the 
external  environment  after  the  Orbiter  payload  bay  doors  are  opened  in  STS 
orbit.  Exposure  of  the  PAM  system  to  such  an  environment  has  led  to  the 
need  for  a  thermal  control  system  (TCS). 

C13.2.7.1  Cradle-Mounted  Thermal  Control  System  (CTC3)  -  The  purpose  of 
the  CTCS  is  to  keep  the  solid  motor,  the  electrical  equipment  in  the  ASE 
compartment,  and  the  PAM  vehicle  at  a  proper  temperature  level.  The 
system  consists  of  multilayer  insulation  (MLI)  blankets  and  heater 
elements  attached  to  the  inside  of  the  MLI  blankets.  The  MLI  blankets 
enclose  the  cradle. 

C13.2.7.2  Cradle-Mounted  Sunshields  -  Two  cradle-mounted  sunshields  are 
available  to  provide  thermal  protection  to  the  spacecraft  when  the  payload 
bay  doors  are  open.  The  first,  designated  the  "standard"  sunshield,  has 
flown  on  early  PAN-D  missions.  The  second,  designated  the  "large" 
sunshield,  is  adjustable  for  spacecraft  between  103  and  lib  inches  in 
diameter. 

ITie  two  sunshields  are  functionally  identical,  and  the  following 
description  is  applicable  to  both. 

The  sunshield  will  be  in  the  open  position  when  the  payload  bay  doors  are 
closed  and  will  be  closed  after  these  doors  are  opened  on  orbit,  except 
during  the  time  that  PAM  is  being  readied  for  deployment.  The  sunshield 
will  be  opened  just  prior  to  spin-up  and  closed  immediately  after  PAM  is 
deployed. 

Multilayer  insulation  blankets  of  the  same  construction  as  previously 
described  for  the  CTCS  are  used  on  the  sunshield  to  pi.ovide  passive 
thermal  protection  to  the  spacecraft  and  PAM  components. 

The  normal  positions  for  the  sunshield  are: 

Open  during  orbiter  ascent; 
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closed  within  25  minutes  after  orbiter  payload  bay  doors  are  opened; 
Open  again  before  deployment  of  expendable  PAM~DI I /spacecraft; 

Closed  again  after  deployment; 

Open  again  before  orbiter  payload  bay  doors  are  closed  for  reentry. 
C13.3  MISSION  SCENARIO 

The  STS  PAM>D  system  provides  the  necessary  injection  velocities  to  place 
payloads  (spacecraft)  into  the.lr  required  orbits  above  the  low-altitude 
parking  orbit  attainable  from  i he  STS.  The  nominal  STS  FAM-D  flight 
sequence  of  events  will  be  initiated  at  a  preplanned  time  in  the  STS 
mission.  This  selected  time  will  depend  on  the  spacecraft  requirements 
for  perigee  location  and  the  rc quireonents  for  other  cargo  scheduling. 

When  the  selected  point  of  deployment  is  approached,  a  typical 
first-mission  sequence  of  events,  tabulated  below,  will  be  initiated. 
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Table  C13-2  -  PAM-0  Mission  Timeline 


Time 

(fflin-sec) 

Event 

T  -  60:00 

Turn  on  STS  PAM-D  power 

T  -  45:00 

PAM-D  system  status  check  complete 

T  -  40:00 

Start  maneuver  to  deployment  attitude 

T  -  28:30 

Achieve  PAM/spacecraf t  deployment  attitude 

T  -  15:00 

Start  mechanical  sequence 

T  -  12:00 

Start  spin  sequence 

T  -  11:30 

Spin-up  complete  and  verified 

T  -  3:00 

Start  terminal  sequence 

T  -  0 

Deploy  PAM 

Initiate  sequencing  system  by  separation 

switches 

T  +  45:00 

Achieve  separation  distance  required  by  STS 

T  +  45:00 

PAM  motor  Ignition 

T  46:28 

PAM  motor  burnout 

T  +  48:20 

Fire  PAM/spacecraf t  separation  bolt  cutters 

T  +  48:23 

Fire  tumble  system  yo-weight  bolt  cutters 

The  STS  PAM-0  Ignition  time  is  45  minutes  after  separation,  which 
results  in  a  coast  phase  of  about  one-half  an  orbit  period. 
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APPENDIX  C14 
TITAN  34D  TRANSTAGE 


CU.O  INTRODUCTION 

The  T3AD/TS  system  Is  a  combination  of  the  Titan  IIIC  Transtage  and  the 
Titan  34D/IUS  programs.  The  T34D/TS  launch  vehicle  uses  the  T34D  core, 
previously  safety  assessed,  and  the  flight  qualified  Titan  IIIC  third 
stage  or  "transtage." 

C14.1  GENERAL  DESCRIPTION 

The  X34D  Common  Core  (T34K  Standard  Airborne  Vehicle,  Cl  No.  T10D34K)  is 
designed  for  maximum  commonality  between  Cape  Canaveral  Air  Force  Station 
(CCAFS)  and  Vandenberg  Air  Force  Base  (VAFB).  The  Comnon  Core  is 
configured  with  provisions  for  installing  the  unique  airborne  equipment  of 
CCAFS  (Cl  T01D340  and  Cl  T0SD34O)  or  VAFB  (Cl  T04D34D)  and  two  solid 
rocket  motors.  The  VAFB  configuration  is  known  as  T34D/Radio  Guidance 
System  (RGS).  Two  configurations  exist  for  CCAFS,  the  T34D/IUS  and  the 
T34D/Tran8tage. 

In  referencing  various  parts  of  the  vehicle  two  reference  systems  are 
used:  the  vehicle  compartment  designators  and  the  vehicle's  three-axis 
reference  system.  Figure  C14-1  shows  the  alphanumeric  compartment 
designators.  The  compartment  numbers  indicate  the  associated  stage,  and 
the  letters  are  assigned  from  the  top  of  the  stage  down. 

The  transtage  faonily  for  Titan,  as  well  as  STS,  is  depicted  in  Figure 
C14-2.  STS  transtage  receipt-to-launch  flow  is  depicted  in  Figure  C14-3. 

C14.2  SYSTEMS  DESCRIPTIONS.  HAZARDOUS  MATERIALS.  SCHEMATICS 

C14.2.I  Titan  Stage  III  -  Trans tase 

The  Transtage  rocket  engine  is  a  multiple-restart,  pressure-fed  liquid 
propellant  engine  using  the  storable  propellants  Aerozine-50  and  nitrogen 
tetroxide  to  develop  80Q0-lb  thrust  in  vacuum.  Three  versions  of  the 
Transtage  engine  are  available.  They  are  designated  AJlO-138  standard, 
AJ10-138A,  and  AJlO-138  modified.  The  T34D  uses  the  AJ10-138A  engines, 
called  Improved  Transtage  Injector  Pattern  (ITIP).  The  purpose  of  the  new 
pattern  is  to  improve  engine  performance.  Two  of  these  engines  comprise 
the  propulsion  system  for  Stage  III  (Fig.  C14-4);  each  engine  is  a 
separate  entity  being  unified  only  through  common  propellant  feed  and 
electrical  supply  systems  and  a  common  mounting  frame  supplied  as  a  part 
of  the  vehicle.  The  engine  located  toward  the  target  side  of  the  vehicle 
is  Subassembly  4;  the  engine  on  the  flight-up  side  of  the  vehicle  is 
Subassembly  5.  Two  spheres  contain  helium  at  an  initial  pressure  of  3280 
psig  to  maintain  tank  pressure  at  approximately  160  psia  to  force 
propellants  from  the  tanks  into  the  •ngine.  The  engines  consists  of  a 
thrust  chamber  assembly,  propellant  lines,  control  harness,  and 
instrumentation. 
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Th«  Tran«t«g«  propulsion  sytcom  may  ba  used  during  th«  boost  phase  of 
vehicle  flight  to  reach  higher  orbits,  modify  an  established  orbit,  and  to 
randesvous  with  other  space  vehicles.  The  engine  is  designed  for  a 
minimum  of  three  restarts.  Before  starting  under  sero-gravity  conditions, 
the  attitude  control  engines  must  be  fired  to  provide  forward  thrust  to 
settle  the  liquid  propellant  in  the  main  angina  tanks. 

The  engine  start  sequence  is  initiated  by  applying  a  28-Vdc  signal  to  the 
pilot  valve  solenoid.  With  the  pilot  valve  energised,  fuel  is  ported 
through  the  pilot  valve  to  a  cavity  behind  the  bipropellant  valve  power 
piston.  The  force  resulting  from  the  fuel  pressure  on  the  power  piston  is 
sufficient  to  cvercosM  the  spring  and  friction  forces  holding  the  valve  in 
the  closed  position.  This  force  moves  the  cosamn  fuel  poppet  and  oxidiser 
piston  stem  assembly  to  the  open  position,  causing  propellants  to  flow 
through  the  bipropellant  valve  to  the  injector.  Opening  time  is 
controlled  by  an  orifice  located  between  the  pilot  valve  and  bipropellant 
valve.  Propellants  from  the  bipropellant  valve  flow  into  the  fuel  and 
oxidiser  manifolds  of  the  injector  and  are  injected  into  the  thrust 
chamber  where  hypergolic  ignition  occurs.  The  valve  design  provides  an 
oxidiser  lead.  Propellant  flow  rates  to  maintain  the  design  mixture  ratio 
for  the  engine  system  are  controlled  by  balance  orifices  located  at  the 
bipropellant  valve  inlets.  Ninety  percent  of  rated  thrust  is  achieved 
within  0.4  second  after  receipt  of  the  electrical  signal  at  the  pilot 
valve.  The  pilot  valve  solenoid  draws  approximately  1.6  amps  to  sustain 
engine  operation. 

Termination  of  the  28-Vdc  signal  to  the  pilot  valve  allows  the 
bipropellant  valve  power  cavity  to  be  vented  through  the  pilot  valve 
overboard  vent  tube.  The  bipropellant  valve  spring  then  forces  the  fuel 
poppet  and  oxidiser  stem  assembly  to  the  closed  position,  terminating  fuel 
and  oxidiser  flow  to  the  thrust  chamber.  Bipropellant  valve  closing  time 
is  controlled  by  an  orifice  in  the  pilot  valve  overboard  vent  tube. 

A  summary  of  AJIO-138A  Rocket  Engine  configuration  is  provided  in  Figure 
C14-5. 

C14.2.2  Propellant  Tanks 

The  Transtage  propellant  tanks  are  constructed  of  titanium.  The  forward 
domes  are  elliptical  and  the  aft  domes  conical.  Incorporated  into  each  of 
the  tank  barrels  are  two  longerons  to  facilitate  support  of  the  tanks  on 
the  truss  (Fig.  C14-6). 

Transtage  pressurisation  and  vent  system  is  shown  in  Figure  C14-7.  The 
pressurixation  figures  are  shown  in  Table  C14-1.  The  transtage  propellant 
feed  system  is  illustrated  in  Figure  C14-8,  and  the  figures  for  the 
propellant  feed  system  are  shown  in  Table  C14-2. 

The  oxidizer  tank  is  140.7  inches  long  with  a  diameter  of  63.1  inches. 
Although  the  basic  thickness  of  the  tank. is  0.057  inches,  there  is  one 
area,  just  below  the  intersection  of  the  barrel  and  the  core  (in  the 
radius  area),  where  the  .hickness  is  only  0.029  inches. 
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Table  Cl 4-1  T34D/Transtage 
Pressurization  and  Vent  System 


ruci  (01  -  OXIOIZCR  ((Ul  -  HCIIUN 


The  fuel  tank  is  165.9  Inches  long,  v;ith  a  diameter  of  ^6.3  inches.  Its 
average  thickness  is  0.046  inches,  the  thinnest  section  being  0.021 
inches.  It  is  located  in  the  same  area  as  the  thinnest  section  of  the 
oxidiser  tank. 

The  oxidiser  tank  has  a  volume  of  176  cubic  feet.  It  is  pressurized  to  a 
nominal  pressure  of  92  psia  on  the  ground.  In  flight,  the  operating 
pressure  of  the  tank  is  increased  to  161  psia.  The  fuel  tank  operates  at 
the  taste  pressures,  but  has  a  volume  of  about  141  cubic  feet. 

C14.2.3  Attitude  Control  Systems  (ACS) 

The  Transtage  multipurpose  ACS  (Fig.  C14-9)  contained  in  the  control 
module  is  a  blowdown,  storable,  liquid-monopropellant  variable-pulsewidth 
rocket  engine  control  system.  The  propellant  is  anhydrous  hydrazine 
(N2R4),  and  the  pressurant  is  gaseous  nitrogen,  which  are  both  stored 
in  a  single  tank  separated  by  a  rubber  diaphragm.  The  system  has  no 
single  nonstructural  mode  of  failure  and  performs  a  wide  range  of 
propulsion  functions,  including  vehicle  pitch,  yaw,  and  roll  control;  main 
tank  propellant  settling;  orbit  adjust,  maneuvering,  and  vernier  control; 
and  multipayload  deployment  and  controlled  dispersion.  Total  impulse  of 
30,000  lb-sec  is  provided.  There  are  six  engine  modules,  each  having  two 
thruster  assemblies.  Each  thruster  assembly  contains  series-redundant 
propellant  valves.  A  Shell  403  catalyst  bed  is  provided  in  each 
thruster.  The  two  thruster  assemblies  provide  redundancy;  two  thruster 
malfunctions  are  required  before  engine  module  failure  occurs.  Thrust 
chamber  firing  is  initiat^'d  by  a  command  signal  from  the  guidance  system 
through  the  digital  flight  control  system. 

Components  for  the  ACS  system  are  shown  in  Figure  C14-10  and  Table  C14-3. 

Attitude  Control  Pressurization  System  -  Gaseous  nitrogen  (GN2)  is 
stored  at  a  pressure  of  355  ^  2  psig  in  a  spherical  pressurant  tank.  The 
tank  is  made  of  titanium  and  has  a  nominal  capacity  of  3.53  lb  of  GN2. 
Included  in  the  pneumatic  module  is  a  manual  fill  valve. 

C14.2.4  Inertial  Guidance  System 

The  Inertial  Guidance  System  (IGS)  guides  the  various  stages  of  the  Titan 
vehicle  on  a  trajectory  and  controls  Stage  III  velocity  so  that  the 
payload  arrives  at  the  desired  location  in  space  traveling  at  the  desired 
velocity. 

To  guide  the  vehicle  on  this  trajectory,  the  IGS  computer  sends  analog  DC 
steering  signals  to  the  digital  flight  control  system  (DECS)  actuators  and 
the  SRM  thrust  vector  control  system.  During  flight  the  computer  also 
sends  discrete  commands  to  the  airborne  electrical  system  to  control  such 
things  as  engine  cutoff  and  engine  start  signals. 

The  guidance  operation  (Fig.  C14-11)  is  accomplished  only  during  powered 
flight  and  assumes  that  the  payload  will  follow  a  predictable  path  upon 
separation  from  the  airframe.  In  brief,  the  guidance  equipment  measures 
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v<>hicle  acceleration,  froni  which  it  computes  present  velocity  and 
position.  Measurements  are  made  from  an  inertial  reference,  making 
unnecescary  a  ground  link  for  guidance.  The  computer  determines  steering 
signals  necessary  to  attain  the  proper  vehicle  attit«de  and  delivers 
engine  cutoff  signals  when  the  proper  velocity  has  been  reached.  Because 
the  orbital  portion  of  flight  is  predictable,  the  guidance  system  need 
only  bring  the  payload  to  a  point  in  space  which,  at  the  proper  attitude 
and  velocity  of  the  vehicle,  will  result  in  insertion  into  the  correct 
orbit. 

CIA. 2.5  Airborne  Bydraulic  Systems 

The  Stage  I,  II,  and  III  hydraulic  systems  provide  the  engine  actuators 
with  hydraulic  fluid  under  pressure  in  flight  and  during  PACE  ground 
checkout  of  the  flight  control  system.  Electrical  signals  from  the 
DFCC-VDAs  on  the  flight  control  computer  are  sent  to  the  servo  valves  in 
the  actuators.  These  electrical  inputs  control  the  flow  of  hydraulic 
fluid  to  the  actuator  pistons.  The  pistons  are  connected  to  the  engine 
thrust  chambers  and  gimbal  the  thrust  chambers  to  change  the  attitude  of 
the  vehicle. 

CIA. 2. 6  Trans tage  Hydraulic  System 

The  major  component  of  the  Trans tage  hydraulic  system  is  an  integrated 
motor  pump/reservoir  unit  (Fig.  C1A~12).  The  other  components  are  the 
hydraulic  disconnect  and  four  linear  actuators. 

The  integral  motor  pump/reservoir  is  a  variable  delivery  pressure 
compensated  hydraulic  pump  enclosed  by  a  reservoir  and  immersed  in  fluid. 
The  pump  is  driven  by  a  28  volt  compound  wound  DC  motor  with  an  integral 
RF  filter.  Operating  pressure  is  2250  to  2A00  psi  with  a  2.0  gpm  delivery 
capability.  The  motcr  ptunp/ reservoir  assembly  also  has  an  integral  check 
valve,  filter,  pressure  transducer  and  fill  and  bleed  disconnects.  The 
entire  unit  has  a  2A  in^  oil  capacity,  weights  19.0  lbs. 

ClA.2.7  Flight  Termination  System 

The  Flight  Termination  System  (FTS)  provides  the  Range  Safety  Officer 
(RSO)  with  the  capability  to  shutdown  the  core  engines,  or  shutdown  the 
core  engines  and  destroy  the  Titan  vehicle  should  it  become  necessary. 

The  FTS  will  also  automatically  destroy  stages  of  the  vehicle  if  they 
should  inadvertently  separate. 
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Inadvertent  Separation  Destruct  System  (ISPS) 


An  ISDS  is  Incorporated  in  each  SRM,  in  Stage  I  and  in  Stage  II,  to 
automatically  destroy  these  stages  should  they  inadvertently  separate  from 
the  Space  Launch  Vehicle.  No  ISOS  is  required  for  the  Tranetage  because 
the  RSO  can  use  the  command  transmitter  to  send  the  destruct  signal  to  the 
connand  receivers. 

C14.2.9  Command  Shutdown  and  Destruct  System 

The  CSDS  receives  and  responds  to  ground  originated  radio  commands  for 
either  engine  shutdown  only  or  for  engine  shutdown  together  with  vehicle 
destruct.  The  command  system  consists  of  an  omnidirectional  antenna 
system,  two  command  receivers,  engine  shutdown  circuitry,  destruct 
circuitry,  and  associated  power  systems.  This  equipment  provides  two 
types  of  signals.  The  first  shuts  down  all  core  engines,  and  the  second 
destroys  the  propellant  tanks  of  all  stages  that  are  electrically  mated  to 
the  Trans tage. 

Engine  shutdown  is  in  response  to  engine  shutdown  command  from  the  RSO. 

Each  command  receiver  issues  a  nominal  28->volt  output  signal  that 
energizes  the  thrust  chamber  valve  overrides  in  both  Stages  I  and  II  and 
deenergizes  the  propellant  solenoid  valves  in  the  Transtage. 

C14.2.10  Hazardous  Material  Data 

Stage  I,  II,  and  Transtage  all  use  the  same  storable,  hypergolic.  Liquid 
rocket  propellants.  The  fuel  is  Aerozine->SO,  an  approximately  50/50 
mixture  of  hydrazine  and  unsymmetrical  dimethylydrazine  (UDMH).  The 
oxidizer  is  nitrogen  tetroxide.  The  use  of  propellants  storable  at 
ambient  temperature  and  pressure  eliminates  holds  and  delays.  The 
hypergolic  property  of  spontaneous  ignition  upon  contact  with  one  another 
eliminates  the  need  for  an  ignition  system  and  related  checkout  and 
support  equipment. 

Transtage  propellants  should  be  considered  as  fire,  explosion,  toxic,  and 
corrosion  hazard  producers,  and  it  is  extremely  important  that  personnel 
involved  in  the  handling  of  or  working  near  the  propellants  have  a  sound 
knowledge  of  their  characteristics.  Correct  handling  and  storage 
procedures  must  be  used  to  minimize  the  hazards  to  personnel  and  equipment. 
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C14.2.11  LOCATION  OF  PYROTECHNICS 


The  Titan  SAD/Transtage  uses  many  types  of  ordnance  items.  Figure  C14-13 
indicates  the  approximate  location  of  vehicle  ordnance.  Table  C14-4 
corresponds  to  the  figure  and  identifies  the  type  of  Trans tage  EED. 


Table  14-4 

Trans tage  Ordnance  Items 

1.  Transtage  Destruct  System  -  One  destruct  safe-arm  initiator, 
PD64S0336-515.  Three  strands  of  primacord  (t1S-N170  Type  I,  Form 
E.  Six  boosters,  6G#7-1  (one  on  each  end  of  primacord  strands). 
Two  bidirectional  destruct  charges,  PD60S0135-503. 

2.  Stage  II  to  Transtage  Attachment  and  Separation  System.  Sixteen 
separation  nut  pressure  cartridges,  PD60S0129-S07. 

3.  Attitude  Control  System  Valve  Actuation  -  Two  ACS  Start  Valve 
Cartridges,  PD60SO 129-30 7. 

4.  Transtage  Pressure  System  Valve  -  Two  crossover  valve  pressure 
cartridges,  PD60S0 129-30 7. 
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Pr«SBure  Cartridge 


(1)  Description  -  The  cartridge  is  an  electrically  initiated, 
hermetically  sealed  powerpack  consisting  of  a  dual  bridgewire 
embedded  in  an  explosive  primer  mix  adjacent  to  a  booster 
charge  for  ignition  of  a  base  propellant.  It  produces  a  hot 
gas  under  high  pressure  of  short  duration. 

(2)  Ordnance  Item  Number  and  Manufacturer  PD60S0129-307  - 
McCormick-Selph  Associates 

(3)  Quantity  Per  Flight  -  64 

(4)  Purpose  of  thi  .jevice  -  Actuation  of  the  following: 

Forty-eight  separation  nuts,  PD33S0007-005 ,  and  -003,  for 
attachment  and  release  of  Stage  I  to  Stage  II,  Stage  II  to 
Transtage,  and  SRM  forward  outrigger  to  core.  Six  F/F  release 
cable  cutters  (two  cartridges  per  cutter).  One  transtage 
pressure  system  crossover  valve  for  venting  helium  system  (two 
cartridges).  One  ACS  valve  (two  cartridges). 

(5)  Type  of  Explosive  and  Weight 


Primer 

Loose  Booster 
Booster  Pellet 
Grain  Sustainer 


90-mg  zirconium/ammonium  perchlorate 

and  borium  chromate 

346-mg  boron/potassium  nitrate 

84-  to  89-mg  boron/potassium  nitrate 

186-  to  200-mg  amnonium  nitrate  composite 


(6)  Testing  Specifications  -  Bridge  circuits  (pin  numbers)  ~  Pins 
A-0  and  B-C  Circuit  resistance  -  Each  circuit  0.22  to  0.32 
ohms;  maximum  test  current  -  0.02  amperes;  maximum  no-fire 
current  -  1.0  amp  for  five  minutes;  minimum  sure-fire  current 
2.2  amps;  firing  voltage  -  25.0  vdc  minimum;  minimum 
pin-to-case  resistance  -  2  megohms. 

(7)  Grounding  Provisions  -  Modified  connectors  81C28F8-4S  will  be 
used  for  shorting  the  pressure  cartridge  bridgewires. 


(8)  Storage  Specification  -  Normal  storage  for  Class  C  explosive. 


C14.3  Mission  Scenario 


A  typical  mission(s)  scenario  is  described  in  Figures  C14  thru  C17 


C14-11 


Figure  C14-1  Compartment /Station  Designation 
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Planetary  Missions  with  4  V-EGA 
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Figure  C14-2  Transtage  Family 


C14-13 


C14-14 


Propulsion  Module  Oxidizer  Tank 
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iniUumcntaiion  Truss/Equlpment 


Figure  C14-5  Engine  Components 
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Figure  C14-6  Transtage  Propellant  Tanks 
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Figure  C14-8  Transtage  Propellant  Feed  System 


LOOKING  FORWARD 


Fourth  Stage  of  Titan  1 1 1C,  Being  Integrated  on  T34D 


o  ^ 

03 

E 

O) 


€ 

o 


ro 

UJ 

I 

s 

E  ws 
o 

u- 

«-  o 


T3 

c 

™  V. 

o  « 

5  = 

1  S’ 


a> 

o 

3 

\0 

CP 

£ 

O 

c 

w. 

►— 

«3 

O) 

C 

wo 

u. 

►— 

UJ 

ra 

u. 

09 

> 

wo 

E 

o 

O) 

x: 

a> 

o 

o 

c 

w 

'tl 

'■e 

o 

Cl 

ra 

a. 

in 

0) 

oi 

c 

«3  <U 

•c  *5 
o  = 

03  ’■S 
«  < 
s:  s 

■o  o 
c  c 

(Q  O 

.2  »-> 

*'5  >> 

u.  ^ 
i2  w 
a  </> 

3 

w  O) 

3  £ 


V 

Q- 


C 

o 

1 

s. 

0) 

</> 

VI 

o 

CL 

TS 

c 

TO 

c 

o 

s . 

to 

c. 

a> 

in 

■  ■  «/^ 

2  « 
kJ  = 

u  -= 
in  S 

I 


Figure  C14-4  Transtage  Performance 
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25  Out  of  26  Successful  Missions  Since  1966 
Op  to  Eight  Payloads  Deployed  on  Single  Flight 
Mature,  Flight-Proven  Payload  Delivery  System 


Remote  Manipulator  System  (RMS)  Is  Baseline 

Dual-Fault  Latches  Open  on  Cradle  to  Release  Transtage 

RMS  Reach  I  s  Adequate  for  the  Most  Alt  iKation  in  Cargo  Bay  and  Aft  Caroo 
C,  G.  Location  v.oiyu 


Figure  CK-15  Transtage  Deployment  from  Shuttle 
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APPENDIX  CIS 

DEFENSE  SATELLITE  COMMUNICATION  SYSTEMS  (DSCS) 

C15.0  INTRODUCTION 

The  following  data  were  extracted  from  the  Annotated  Bibliography 
Document,  Ref.  016,  Section  7.1  of  the  ARAA,  Volume  II,  DSCS  II/III 
Payload  Annex;  DbCS  ARA'' ,  General  Electric  Space  Division,  Valley  Forge 
Space  Center,  Philadelphia,  PA,  SVP1027B,  April  1983;  and  DSCS  Launch  Base 
Test  Plan,  General  Electric  Space  Division,  Valley  Forge  Space  Center, 
Philadelphia,  PA,  SVP3021,  15  Mar  1983. 

C15.1  GENERAL  DESCRIFTION 

The  goal  of  the  DSCS  III  program  is  to  provide  an  operational  network  of 
long-life  military  communications  satellites. 

The  satellite  can  be  commanded  both  at  SHF  (X-band)  and  S-band  to  allov.- 
routine  housekeeping,  orbit  maintenance,  and  comtunicaticn  subsystem 
reconfigurations  by  the  Air  Force  Satellite  Control  Facility  and  DSCS 
ground  stations.  It  can  also  autonomously  receive  multiple  distributed 
SHF  user  inputs  and  provide  rejection  of  jammer  interference. 

The  Satellite  is  designed  for  launch  from  the  Air  Force  Eastern  Launch 
Site  (ELS)  on  a  Titan  3AD  as  a  dual  lai'nch  in  combination  with  a  DSCS  II 
or  as  a  single  or  dual  DSCS  III  launch  n  the  Space  Shuttle. 

The  DSCS  Payload  consists  of  a  DSCS  TI  (II-E15)  and  a  DSCS  III  (III-A2) 
Satellite  (including  the  bipod  adapter  assembly),  launched  in  tandem, 
using  a  TITAN  34D/TS  launch  vehicle  with  a  MDAC  Payload  Fairing  as 
illustrated  in  Figure  C15-1.  The  DSCS  II  Satellite  is  the  "Forward" 
satellite  of  the  stacked  configuration,  with  the  DSCS  III  Satellite  being 
the  "Aft"  satellite.  The  launch  will  take  place  from  Cape  Canaveral  Air 
Force  Station  using  the  Integrate-Transfer-Launch  Complex-40. 

3 . 2  SYSTEMS  DESCRIPTIONS.  HAZARDOUS  MATERIAI.S.  SCHEMATICS 

C15.2.1  Structure  Subsystem 

The  structure  subsystem  provides  the  framework  to  support  and  hou  e  all 
the  DSCS  satellite  equipments.  It  al&o  includes  the  mechanism  for: 

1.  Joining  the  stacked  satellite  assembly  to  the  Launch  Vehicle; 

2.  Retention  and  separation  of  the  forward  and  aft  satellites; 

3.  Retention,  release,  and  deployment  of  the  solar  array  and  Glmballed 
Antenna; 

4.  Rotation  of  the  deployed  solar  arrays  to  follow  the  sun. 
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The  structural  function  of  che  subsystem  is  achieved  by  the  following 
assemblies  that  house  or  support  the  spacecraft  equipments: 

1.  Equipment  Bay  Structure 

2.  North/South  Panels 

3.  Antenna  Supports 

4.  Solar  Array  Substrates 

5.  Launch  Vehicle  Adapter 

6.  Propulsion  Module  Adapter 

Other  structural  elements  include  the  graphite  epoxy  tube  trusses  and 
fittings  to  support  the  propulsion  subsystem,  the  solar  array  assembly 
yoke,  and  the  alumlnum-honeycomb-sandwi ch  substrates  for  the  solar  arrays. 

Separation  of  each  satellite  is  achieved  by  the  pyrotechnic  release  of 
four  preloaded  captivated  separating  nuts  and  matched  separation  springs 
to  achieve  a  separation  velocity  between  1  and  2  fps  with  tip-off  rate  of 
less  than  1  degree  er  second. 

Release  and  deployment  of  the  solar  arrays  are  obtained  by  the  pyrotechnic 
actuation  of  four  preloaded  nuts  and  hinge  torsion  springs  with 
synchronization  mechanisms  to  control  unfolding  of  the  two  panels  and  yoke. 

CIS. 2. 2  DSCS  II 

The  DSCS  II  satellite  is  made  up  of  a  spinning  section  that  provides 
gyroscopic  stabilization  and  a  despun  section  upon  which  the  Earth- 
oriented  antennas  are  mounted  (see  Fig.  C15-2).  The  satellite  is  nine 
feet  in  diameter  and  approximately  six  feet  high.  It  contains  the 
following  subsystems: 

1.  Communications  Subsystem 

2.  Telemetry,  Tracking  and  Command  Subsystem 

3.  Attitude  Control  Subsystem 

4.  Electrical  Power  Subsystem 

5.  Electrical  Distribution  Subsystem 

6.  Thermal  Control  Subsystem 

'  7.  Propulsion  Subsystem 
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The  entire  conmunications  payload  equipment  and  the  narrow  beam  antenna 
gimbal  drives,  a  deployable  mass  boom,  primary  power  isolation  modules,  a 
PCM  telemetry  multiplexer,  and  the  switching  logic  assembly  are  located  on 
the  despun  platform. 

Four  pressure-fed  propellant  tanks  are  mounted  one  in  each  quadrant  so 
that  their  combined  center  of  gravity  is  along  the  spin-axis  of  the 
satellite.  Two  solid-propellant  spin  rockets,  attached  to  the  primary 
structure  members  below  the  lower  solar  array  support  ring,  provide 
initial  spinup  after  separation. 

C15.2.3  DSCS  III 

The  OSes  III  satellite  is  an  integrated  design  configured  to  support  the 
high-performance  communications  payload.  The  satellite  has  S-axis 
attitude  control  and  stabilization,  a  fixed  payload  antenna  platform,  a 
gimballed  antenna,  large  north/south  viewing  panels  for  passive  heat 
rejection,  and  an  oriented  solar  array  for  efficient  power  operation.  The 
structurally  integrated  design  is  completely  modular  for  ease  of  assembly, 
test,  and  maintenance.  Communication  subsystem  components  are  mounted  on 
the  north  panel  with  the  housekeeping  subsystem  components  and  SCT 
components  mounted  on  the  south  panel.  This  grouping  arrangement 
minimizes  cable  weight  and  waveguide  runs,  takes  advantage  of  structural 
shielding  for  hardening,  and  provides  an  equivalent  Faraday  Cage  around 
the  component  electronics  for  satellite  charging  and  system-generated 
electromagnetic  pulse  protection.  See  Figures  C15-3  and  C15-4  for  further 
configuration  description. 

The  DSCS  III  satellite  consists  of  the  following  subsystems: 

1.  Structure 

2.  Communications 

3.  Telemetry,  Tracking,  and  Command 

4.  Single-Channel  Transponder 

5.  Propulsion 

6.  Attitude  Control 

7.  Electrical  Power  and  Distribution 

8.  Thermal  Control 

Table  ClS-1  lists  the  various  performance  parameters  and  design  attributes 
of  the  DSCS  III  satellite  and  its  subsystems. 


Table  CI5-1  DSCS  III  Satellite  Description 


SYSTEM  DEFINITION 

» 

0  Type  Satellite 

6  channel  SHF  Comm.  Relay  with  anti¬ 
jam  protection  and  nuclear  hardening 

o  Launch  Vehicle 

TITIC,  T34D/IUS,  T34D/TS 

o  Launch  Configuration 

I  DSCS  II  +  DSCS  in 

o  Launch  Site 
o  Operational  Scenario 

Eastern  Test  Range  -  LC-40 

Nominal  Oper.  Longitudes 

56*E,  175*E,  16*W  135*W 

Ground  Control 

AFSCF  and  DSCS  Control  Stations 

o  DSCS  III  Satellite 

III-Al,  II-A2 

0  Ground  Storage 

2  years 

0  Launch  Window 

Daily  (Minimum  one  hour  per  day) 

THERMAL  CONTROL 

0  Type 

Passive  with  heaters 

o  Heater,  Number 

114 

0  Heater  Power 

157  Watts  (24  hour  average) 

PROPULSION 

0  Type 

Monopropellant  Hydrazine 

o  Tanks,  Number 

4 

0  Tanks ,  Type 

22  inch  Spherical 

0  Pressurant 

He  Unregulated  Blowdown 

0  Diaphragm 

Elastomeric 

0  Engines,  Thrust  Level 

1  lb.  each  of  16  engines  at 
beginning  of  mission,  12  for 

Pitch,  Roll,  Yaw  and  4  for 

N,S  station  keeping 

0  Propellant  Tank  Capacity 

ELECTRICAL  POWER 

608.6  lbs 

o  Batteries 

Number/Amp  Hours/Cells 

Depth  of  Discharge-No  Failure 

3/32  each/ 16  each 

/I  Batt.  Failed 

65%/80% 

0  Power  Controllers 

1  North  Panel,  1  South  Panel,  1  SCT 

0  Ordnance  Controller-Controls 

13  Primary  EED's 

13  Backup  EED's 

0  Harness  Shielding 

2  Mil  Mylar  +  2  Mil  Aluminum 

0  Grounding 

Multi-point 

o  Solar  Array 

980  Watts  End  of  Mission 
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Conanunications  Subsystem 


The  Conmunications  Subsystem  (COMM)  is  composed  of  a  transponder  panel 
containing  six  independent  RF  channels*  a  multlbeam  receiving  antenna,  two 
Earth>coverage  horn  receiving  antennas,  two  multibeam  and  two  Earth 
coverage  horn  transmitting  antennas,  a  gimballed  dish  transmitting 
antenna,  and  supporting  interfaces. 

Two  channels  are  dedicated  to  Earth  coverage  reception  and  transmission; 
the  remaining  four  channels  have  the  commandable  option  of  choosing  either 
Earth  coverage  or  multibeam  antenna  inputs.  However,  for  transmission, 
each  high-power  channel  is  connected  to  a  transmitting  multibeam  antenna, 
and  each  low-power  channel  has  the  option  of  Earth  coverage  or  of  sharing 
a  multibeam  antenna  with  a  high-power  channel.  In  addition,  both  of  the 
high-power  channels  and  one  low-power  channel  are  switchable  to  a 
high-gain  gimballed  antenna  for  purposes  of  enhanced  effective  isotropic 
radiated  power  (EIRP)  ^performance. 

C15.2.5  Propulsion  Subsystem 

The  DECS  III  Propulsion  Subsystem  is  designed  to  deliver  the  impulses 
required  to  perform  the  following  orbit  adjust  and  attitude  control 
functions: 

1.  Orbit  Adjust  Functions 

a.  Removal  of  Injection  Velocity  Errors 

b.  Initial  Orbital  Circularization  and  Station  Attainment 

c.  East-West  and  North-South  Stationkeeping 

d.  Satellite  Longitudinal  Repositioning 

2.  Attitude  Control  Functions 

a.  Initial  Stabilization  of  the  Satellite 

b.  Momentum  Wheel  Unloading 

c.  Attitude  Correction  during  Delta  Velocity  Maneuvers 

The  Propulsion  Subsystem  is  a  roonopropellant  hydrazine  system  consisting 
of  a  propellant  storage  and  expulsion  sect5on,  a  propellant  distribution 
section,  and  a  rocket  engine  section.  The  propulsion  subsystem  provides 
the  following: 

1.  Storage  of  Propulsion  Subsystem  propellant; 

2.  Distribution  and  metering  of  propellant  to  the  Propulsion  Subsystem 
engines . 

3.  Thrusting  of  sufficient  magnitude  and  duration  to  satisfy  all 
satellite  maneuvering  and  momentum  exchange  functions. 

4.  Telemetry  signals  sufficient  to  monitor  the  status  of  propulsion 
subsystem  equipment  and  propellant  and  to  detect  propulsion 
subsystem  failure. 
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5.  Execution  of  conmands  received  from  the  TT&C. 

The  Propulsion  Subsystem  module  structure  assembly  supports  the  propellant 
tanks,  the  thruster  modules,  and  the  propellant  distribution  component 
modules.  The  structure  assembly  and  handling  and  support  equipment  shown 
in  Figure  C15-5  are  manufactured  by  CE  and  sent  to  Hamilton  Standard  for 
assembly  of  the  propulsion  components,  plumbing,  and  test  harness 
attachment  directly  on  to  the  structure.  After  completion  of  assembly  and 
test  of  the  propulsion  subsystem,  the  completed  propulsion  module  assembly 
is  returned  to  GE,  where  it  is  then  ready  for  installation  into  the 
satellite.  Installation  is  performed  by  lowering  the  PS  module  onto  the 
satellite  center  body  structure. 

The  subsystem,  shown  schematically  in  Figure  CI5-6,  is  a  mass  expulsion 
hydrazine  propulsion  system  using  helium  pressurant  operating  in  a 
nonregulated  blowdown  mode.  Two  component  sets,  each  capable  of 
performing  all  mission  functions,  in  a  block  redundant  manner,  are 
maintained  as  separate  protected  entities  by  means  of  normally  closed 
latching  isolating  valves  located  in  the  propellant  transfer  lines. 

The  propellant  and  pressurant  are  stored  in  four  spherical  positive 
expulsion  propellant/pressurant  tanks.  Each  tank  has  a  pressurant  fill 
and  vent  valve  and  a  propellant  fill  and  drain  valve,  which  permits 
preferential  selection  of  the  tanks,  thereby  consuming  unequal  quantities 
of  propellant  to  maintain  satellite  balance.  Utilization  of  individual 
pressurant  fill  and  vent  valves  allows  each  tank  to  be  capped  individually 
after  pressurization  to  prevent  t  'ansfer  of  propellant  between  tanks. 

Propellant  is  normally  fed  from  either  of  two  diagonally  opposed  tanks  or 
all  four  tanks.  The  propellant  and  diaphragm  are  oriented  to  expel  the 
fluid  toward  the  center  of  the  satellite.  All  these  considerations  were 
necessary  to  minimize  the  center  of  mass  transfer  during  any  mode  of 
propellant  use. 

Propellant  from  each  tank  is  filtered  through  a  high-capacity,  low-micron 
rating  etched  disc  filter.  The  system  filters  are  located  upstream  of  the 
isolation  valves  and  thrusters  to  provide  contamination  protection  for 
these  components.  Latching  isolation  valves  are  used  to  isolate 
propellant  flow  from  each  tank  to  each  set  of  thrusters.  The  latching 
valve  arrangement  permits  isolation  of  any  tank  or  either  thruster  group 
so  that  no  single-point  failure  results  in  loss  of  more  than  approximately 
one-fourth  the  mission  propellant.  Inlet  filters  are  also  included  in 
each  latching  valve  and  thruster  valve  to  provide  protection  from 
contamination.  Co-extruded  titanium-to-stainless  steel  transition  joints 
are  installed  between  the  system  filters  and  the  latching  isolation 
valves.  This  allows  the  use  of  low-weight  titanium  tanks  and  propellant 
lines  with  stainless  steel  valves  and  prassure  transducers. 

The  propellant  feed  system  components,  consisting  of  the  latching  valves, 
filters,  and  pressure  transducers,  are  packaged  into  two  modules.  Each 
module  is  supported  by  an  aluminum  bracket  that  also  provides  satellite 
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mounting  interfaces.  Locating  these  propellant  feed  system  components 
into  a  modular  group  permits  mounting  the  assemblies  at  only  two  satellite 
interfaces,  simplifying  the  support  structure,  minimizing  heater  power 
requirements,  and  providing  common  access  regions  for  assembly,  checkout, 
and  maintenance. 

Thrusters  are  positioned  on  the  satellite  in  packages  called  Thruster 
Modules  (TM).  A  TM  consists  of  thruster  and  propellant  valve  assemblies 
(see  Fig.  C15-7),  thermal  control  features,  mounting  hardware,  and 
supporting  structure.  The  TM  support  structure  is  a  precision-machined 
bracket  whose  configuration  satisfies  the  specific  satellite  mounting  and 
thruster  assembly  thrust  vector  orientation  requirements.  By  using  TMs, 
the  mechanical  interface  with  the  satellite  is  reduced  to  a  simple  bolted 
flange  at  each  of  the  TM  locations.  The  thruster  arrangement  requires  the 
use  of  only  two  types  of  TMs.  The  roll  thrusters  are  installed  in  two 
two-thruster  TMs,  while  the  pitch,  yaw,  and  north-south  thrusters  are  each 
packaged  into  two  six-thruster  TMs.  Each  of  the  TM  arrangements  is 
designed  to  interface  with  the  satellite's  bulkhead  structure. 

Each  thruster  is  controlled  with  a  pair  of  normally  closed 
series-redundant  solenoid-operated  propellant  valves.  The  thrusters  have 
redundant-thrust  chamber  heaters  to  provide  an  elevated  chamber 
temperature.  Temperature  sensors  are  mounted  on  all  the  thrusters  and  on 
each  of  the  propellant  tanks. 

There  are  eight  thrusters  in  each  component  set,  each  operating  at  an 
initial  thrust  level  of  1.0-pound  force.  These  eight  thrusters  provide 
the  satellite  with  north-south  and  east-west  orbit  adjustment  and 
three-axis  attitude  control. 

In  operation,  the  Propulsion  Subsystem  is  controlled  by  means  of  the 
attitude  control  subsystem  (ACE),  which  contains  the  valve  driver 
electronics.  Ground  control  is  used  to  energize  the  ACE  into  either  the 
"Operational"  or  the  "Orbit  Adjust"  thruster  control  modes,  depending  on 
whether  the  satellite  function  of  initial  stabilization,  wheel 
desaturation,  or  orbit  adjustment  is  required.  When  operating  in  the 
"orbit  adjust"  mode,  in-track  and  cross-track  velocity  corrections  are 
accomplished  by  operating  pairs  of  thrusters  designated  North,  South,  East 
or  West.  Thruster  catalyst  bed  heaters  are  ground-command  activated  "on" 
100  minutes  prior  to  thruster  rise  and  are  turned  "off"  after  the  use  is 
completed. 

During  the  "Operational"  mode  of  ACS  control,  where  wheel  unloading  is 
required,  six  thrusters  and  their  six  respective  thrust  chamber  heaters 
are  energized  automatically  in  readiness  for  momentum  wheel  desaturation. 
The  appropriate  pitch,  roll,  or  yaw  axes  thrusters  are  automatically 
selected  by  the  ACS  for  accomplishing  wheel  unloading. 

Table  C15-2  provides  the  Propulsion  Subsystem  fill  and  drain  requirements 
for  flight.  Hydrazine  is  a  toxic  fluid;  therefore,  personnel  restrictions 
and  safety  precautions  are  Imposed  during  filling  or  draining  operations. 
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Table  CI5-2  Propulsion  Subsystem  Fill  and  Drain  Requirements 


• 

Fluid 

Hydrazine  (N2H4) 

Helium 

MIL-P-27401.  SuoD.  I 

Pressure  Load 

As  Required 

350  +  10  psia 

Mass  Load 

600  lb. 

1.0  lb. 

When:  Fill 

T-11/12  days 

T-11/12  days 

Drain 

Only  for  Abort 

Only  for  Abort 

Pressure 

T-11/12  days 

T-11/12  days 

Temp  Loaded 

Ambient 

Ambient 

System  Oper,  Press. 

350  psia 

350  psia 

Where:  Fill 

PAD 

PAD 

Drain 

PAD 

PAD 

Table  C15-3  lists  the  materials  selected  for  the  DSCS  III  propulsion 
subsystem.  The  sealed  components,  including  the  latching  valve  torque 
motors,  the  valve  coils,  and  the  electrical  portion  of  the  pressure 
transducer,  have  not  been  tabulated  because  they  are  protected  from  the 
hydrazine. 


Table  C15-3  Propulsion  Subsystem  Materials  Summary 


1.  Materials  in  Contact  with  Liquid  N2H4 

304  Stainless  Steel  (SS) 

304L  SS 
17-7PH 
430  SS 

AF-E-411  Ethylene  Propylene  Terpolyroer  (EPT) 

302  SS 

6AL-4V-Ti;  titanium  alloy 
AF-E-322 

2.  Materials  in  Contact  with  Two-Phase  (Gas  and  Liquid)  N2H4 

Inconel  600 
Haynes  25  (AMS  5759) 

304  SS 

3.  Elements  in  Contact  with  Hot  Decomposition  Gases 

Inconel  625 
Haynes  25  (AMS  5759) 

304  SS 
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CIS. 2. 6  Thermal  Control  Subsystem  (TCS) 


The  Thermal  Control  Subsystem  (TCS)  is  designed  to  maintain  equipment 
temperatures  during  the  launch  and  orbital  phases  of  the  mission-.  To 
perform  this  task  within  specified  limits,  the  TCS  uses  a  passive  control 
design  that  employs  thermal  blankets,  thermal  coatings,  insulation 
spacers,  RF  transparent  thermal  shrouds,  heater  assemblies,  and  increased 
panel  thickness. 

The  batteries,  installed  on  the  South  Panel,  are  independently  temperature 
controlled  by  conductively  isolating  them  from  the  pane.l  with  insulating 
spacers  and  radiation,  isolating  them  from  the  satellite  with  insulation 
blankets.  The  batteries  radiate  directly  to  space  from  their  baseplate, 
which  has  a  sized  insulation  window  and  OSR  thermal  coating. 
Thermostatically  activated  electrical  redundant  heaters  maintain  minimum 
temperature  levels. 

CIS. 2. 7  Attitude  Control  Subsystem  (ACS) 

The  attitude  control  subsystem  is  a  three-axis  active  zero  momentum 
stabilization  system  using  an  Earth  sensor  and  sun  sensor  for  active 
attitude  sensing  and  reaction  wheels  (with  propulsion  subsystem  assist)  to 
provide  satellite  control  torques.  All  electronic  processing  to  provide 
control  of  the  subsystem  is  performed  by  the  attitude  control  electronics 
(ACE). 

The  ACS  orients  and  stabilizes  the  satellite,  provides  attitude  control 
during  initial  stabilization  and  inclination  correction,  maintains 
pointing  during  payload  operations,  and  controls  satellite  attitude  during 
orbit  adjust  operations.  The  subsystem  consists  of  the  following: 

1.  Redundant  Earth  Sensors 

2.  Redundant  Sun  Sensor  Assemblies 

3.  Four  Reaction  Wheels 

A.  Yaw  Rate  Gyro 

5.  Attitude  Control  Electronics  (ACE) 

The  ACE  Interfaces  with  all  ACS  components  and  prov: jes  subsystem 
electrical  interface  functions  with  ocher  satellite  subsystems.  The  ACE 
controls  the  positioning  of  the  Solar  Array  Drive  and  the  Gimballed 
Antenna.  The  ACE  provides  the  interface  control  between  the  telemetry; 
tracking,  and  cumroand  (TT&C)  and  the  Beam  Forming  Network.  All  ACS 
functions,  from  booster  separation  through  on-orbit  operation,  are 
controlled  by  a  Firmware  program  stored  in  the  ACE.  By  using  combinations 
of  ground-issued  discrete  and  message  commands,  functional  modes  required 
for  each  mission  phase  are  selected.  Mode  changes  and  selections  of 
functional  blocks  are  implemented  by  discrete  cosmands.  Selected  program 
constants  are  chan<;ed  by  serial  messages.  The  ACS  can  operate  for  a 
minimum  of  30  days  without  ground  commanding  after  initial  stabilization. 
Inflight  monitoring  of  the  ACS  performance  is  provided  by  analog,  bilevel, 
and  serial  digital  telemetry  data. 
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After  separation^  the  solar  arrays  are  deployed  in  the  "noon"  position; 

i.e.,  the  solar  cells  face  along  the  minus  yaw  axis,  away  from  the 
multibeam  antennas  (MBAs).  The  sun  sensors  mounted  on  the  solar  array 
yokes  provide  pitch  and  roll  data  to  the  ACE,  which  activates  the 
Propulsion  Subsystem  engines  to  rotate  the  satellite  until  the  negative 
yaw  axis  faces  the  sun  within  the  ACS  error  bands.  After  noon, 
stabilization  to  Earth  is  initiated.  The  two~axis  sensor  provides  pitch 
and  roll  data  to  the  ACE,  which  activates  the  proper  engines  to  remove  the 
pitch  and  roll  errors.  The  gyro  senses  rates  around  the  yaw  axis.  The 
gyro  signals  are  processed  by  the  ACE  to  drive  the  yaw  axis  thrusters  to 
reduce  the  rates.  The  solar  array  is  advanced  to  the  proper  angle 
corresponding  to  the  satellite  position  in  orbit  and  is  clock  synchronized 
to  orbit  rate.  Yaw  acquisition  is  initiated  when  proper  vehicle  orbit/sun 
geometry  is  attained.  The  array-mounted  sun  sensors  now  provide  yaw 
information.  Reaction  wheel  control  is  then  initiated.  Four  wheels  are 
nominally  employed  to  fulfill  ^ae  momentum  exchange  function,  although  any 
three  can  provide  the  required  capability.  Unloading  of  the  accumulated 
secular  angular  momentum  is  accomplished  once  a  day,  permitting  the 
propulsion  subsystem  to  be  disabled  most  of  each  orbit. 

CIS. 2.8  Electrical  Power  and  Distribution  Subsystem  (EPPS) 

The  EPDS  is  a  direct-energy-transfer  design  consisting  of  a  sun-oriented 
solar  array,  three  32-amphour  batteries  and  a  ■f28  Vdc  boost  regulator. 

The  power  subsystem  shall  provide  the  following: 

1.  Generation  and  storage  of  electrical  power  (energy); 

2.  Distribution  of  conditioned  power  to  users  from  internal  or 
external  sources; 

3.  Distribution  of  electrical  signals  (excluding  RD  signals)  between 
equipments  and  protection  of  such  interconnecting  cabling  from 
effects  of  electromagnetic  interference; 

4.  Protection  of  the  power  bus  from  detrimental  transient  loads, 
shorts,  and  effects  of  load  sequencing  and  removal; 

5.  Detection  of  electrostatic  discharge  (ESD)  phenomena  and  provision 
of  ESD  detector  signals  to  the  TT&C  Subsystem; 

6.  Telemetry  signals  sufficient  to  monitor  the  EPDS  status  and  to 
diagnose  EPDS  faults; 

7.  Execution  of  commands  received  from  the  TT&C  Subsystem. 

The  EPDS  provides  for  the  conversion  of  solar  energy  to  electrical  power, 
the  regulation  and  distribution  of  power  to  the  satellite  subsystems 
(load),  and  the  battery  storage  of  a  portion  of  the  electrical  energy  for 
subsequent  use  during  periods  when  the  solar  array  capability  is 
inadequate.  The  EPOS  provides  the  electrical  power  for  all  subsystem 
modes  of  operation  from  prelaunch  checkout,  through  launch,  and  through 
complete  mission  life. 
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Batteries  provide  power  during  prelaunch,  launch,  and  ascent  for  on-orbit 
eclipse  operations  and  provide  fuse  blow  current  to  clear  faults.  Three 
32  ampere-hour  sealed  nickel  cadmium  16-cell  batteries  satisfy  the  total 
energy  storage  requirements  with  conservative  depths  of  discharge  to 
provide  the  ten-year  design  life.  The  batteries  are  safely  charged  using 
four  selectable  voltage  limit  functions  that  are  modified  by  sensed 
battery  temperature.  Each  battery  has  dedicated  charge  and  reconditioning 
circuitry.  A  reconditioning  cycle  can  be  Initiated  by  ground  command. 

The  discharge  can  proceed  to  a  battery  terminal  voltage  of  I  Vdc. 

The  redundant  electronic  power  conditioning  circuits  are  inherently 
on-line  for  use  without  relay  or  contactor  transfer,  and  the  transition 
from  battery  discharge  to  battery  charge  to  shunt  occurs  without  a 
disturbance  to  the  regulated  bus. 

CIS. 2. 9  DSCS  II/DSCS  III  (A-2)  on  Titan  3AD/Transtage 

The  following  is  a  description  of  the  DSCS  II/DSCS  III/T34D  configuration 
and  its  interfaces: 

The  satellite  is  configured  to  take  advantage  of  the  Titan  T34D  maximum 
payload  envelope  and  to  provide  efficient  and  straightforward  launch 
vehicle  interfaces  and  satcllite-to-satellite  interfaces  (DSCS  II/DSCS 
III).  The  major  external  interfaces  of  the  structural  subsystem  are  with 
the  T34D  launch  vehicle  and  between  satellites.  The  T34D  launch  vehicle 
interfaces  are  defined  in  the  Interface  Specification.  The  DSCS  II  to 
DSCS  III  interface  has  been  established  and  is  defined  in  the  DSCS  II/III 
Interface  Specification  and  the  DSCS  II/III  Mechanical  Interface  Drawing. 
In  addition  to  resolution  of  physical  interface,  the  analytical  Interfaces 
between  the  DSCS  II  Satellite  Contractor  and  Launch  Vehicle  Contractor 
have  been  established  and  verified  by  the  DSCS  li/111  -  T34D  Verification 
Loads  Cycle  Analysis. 

The  electrical  interfaces  between  the  launch  vehicle  and  the  satellite 
consists  of  three  categories: 

1.  The  forward-satellite  (DSCS  II)  separation  signals  to  DSCS  III 
Ordnance  Controller. 

2.  The  aft  satellite  (DSCS  III)  separation  EED  power. 

3.  Forward  and  aft  satellite  separation  indication. 

The  launch  vehicle  provides  signals  to  the  DSCS  III  ordnance  controller  to 
initiate  separation  of  DSCS  II  from  DSCS  III.  The  launch  vehicle  also 
provides  power  to  the  DSCS-III-supplied  EEDs  that  release  the  DSCS  III 
satellite  from  the  bi-pod  adapter  on  the  launch  vehicle.  The  payload, 
comprised  of  DSCS  II,  DSCS  III,  and  the  bipod  adapter,  provides  signals  to 
the  launch  vehicle  that  indicate  separation  of  the  forward  and  aft 
satellites. 


Upon  receipt  of  discrete  signals  from  the  launch  vehicle,  the  OSCS  III 
ordnance  controller  provides  a  current  pulse  from  each  of  two  batteries  to 
each  of  eight  EEOa  for  DSCS  II  satellite  separation.  See  Figure  ClS-8, 
satellite  separation  signals  block  diagram  of  the  interfaces  between 
launch  vehicle  and  DSCS  III  and  between  OSCS  III  and  DSCS  II. 

The  ordnance  controller  contains  the  relays  to  switch  power  from  the 
batteries  to  the  electro-explosive  devices  (EEDs)  used  for  separation  of 
the  forward  satellite  from  the  aft  satellite  and  for  deployment  of  the 
solar  array  wings  and  gimballed  antenna.  Redundant  EEDs  are  used  for  each 
of  the  separation  events,  which  results  in  the  following  number  of  EEDs 
associated  with  each  function. 

Func  t ion 


Satellite-to-Satellite  Separation 
Deploy  North  Solar  Array 
Deploy  South  Solar  Array 
Deploy  Gimballed  Antenna 

CIS. 3  MISSION  SCENARIO 

Approximately  5-1/2  hours  after  lift-off,  the  DSCS  II  (forward)  satellite 
is  separated  from  the  DSCS  III  (aft)  satellite  using  ordnance  power 
supplievi  by  the  aft  satellite  upon  receipt  of  discretes  from  the 
transta^'e.  Satellite  separation  activates  separation  switches,  which  in 
turn  start  the  ordnance  sequences  within  the  EIQ.  These  sequences  time 
the  arming  and  firing  of  the  following  ordnance  functions:  omni  antenna 
release  at  separation  plus  11.06  seconds;  despin  platform  release  at 
separation  plus  13.01  seconds;  and  spin-up  rocket  operations  at  separation 
plus  22.76  seconds.  Arming  and  firing  of  the  narrow-coverage-antenna 
release  ordnance  and  the  mass-boom  deployment  ordnance  are  accomplished 
through  ground  command. 

CIS. 3.1  DSCS  II  Satellite  System 

The  DSCS  II  satellite  consists  of  two  sections:  a  cylindrical  spinning 
section  and  a  despun  platform.  The  satellite  spin  axis  is  oriented 
perpendicular  to  the  near-equatorial  orbit  plane  such  that  sun  impingement 
is  within  >27.5*  of  being  orthogonal  to  the  cylindrical  solar  array. 
Spinning  provides  a  gyroscopically  stabilized  satellite  and  tends  to 
distribute  heat  input  from  the  sun  such  that  a  benign  thermal  environment 
is  produced  for  internal  components.  The  nominal  satellite  weight  in 
orbit  after  spinup  and  antenna  deployment  is  about  1360  lb.  The  satellite 
has  a  favorable  moment  of  inertial  ratio,  being  about  1.2  at  beginning  of 
life  with  antennas  deployed,  decreasing  to  about  1.1  at  end  of  life.  The 
despun  platform,  containing  the  communication  equipment,  is  servoed  about 
the  spin  axis  to  direct  its  Earth-coverage  receive-and-transmit  antennas 
continuously  toward  the  Earth.  In  addition,  two  gimballed  parabolic 
narrow-beam  antennas  also  mounted  on  the  despun  platform  are  continuously 
pointed  to  any  selected  visible  ground  area. 
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DSCS  III  Satellite  Systam 


The  DSCS  III  oatellite  provides  a  6-channeI  SHF  coimnunicatlons  relay 
satellite  continuously  operable  in  a  synchronous  equatorial  orbit  at 
longitudinal  station. 
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APPENDIX  C16 

DEFENSE  SYSTEMS  PROGRAM  (DSP) 


C16.0  INTRODUCTION 

The  following  data  wore  axtracted  from  the  Annotated  Bibliography 
Document,  Ref.  ?12. 

Thia  section  addreisea  the  DSP  SR/6R  payload  being  integrated  to  the 
T3<»D/TS  Launch  Vehicle  at  Launch  Complex  40,  Cape  Canaveral  Air  Force 
Station  (CCAFS),  Florida. 

C16.1  GENERAL  DESCRIPTION 

Figure  C16-1  shows  the  relative  size  and  shape  of  the  satellite  with  solar 
paddles  stowed  in  the  launch  mode. 

Key  requirements  driving  Satellites  0005R  and  0006R  are  as  follows: 
o  -  Acconnodatlon  of  Sensor  Evolutionary  Devclopswnt  (SED)  sensor 
o  -  Five-year  lifetime  design  goal 

o  -  T34D/IUS  or  T34D/Transtage  launch  vehicle  compatibility 
o  -  High-power  option  of  Link  1. 

Incorporation  of  the  SEO  sensor  with  ita  new  capability  leads  to  the 
requirement  for  improved  pointing  accuracy,  reduced  jitter,  and  ah 
additional  IPAD  orthogonal  to  the  previously  existing  one.  The  SED  sensor 
also  leads  to  the  requirement  for  more  power,  and  because  of  its  increased 
mass  it  contributes  to  the  requireisent  for  a  larger  reaction  wheel.  More 
power  results  in  larger  solar  array  paddles. 

The  five  year  lifetime  design  goal,  in  combination  with  the  primary 
mission,  means  that  the  orbit  inclination  must  be  controlled  after  about 
three  years.  This  results  in  the  requirement  for  larger  propellant  tanks 
on  these  satellites  than  on  previous  DSP  spacecraft. 

Figure  C16-2  depicts  Satellites  OOS  and  006  retrofit  configuration. 

C 1 6 . 2  DESCRIPTION  OF  SAFETY  CRITICAL  SUBSYSTEMS.  HAZARDOUS  MATERIALS. 

SCHEMATICS 

C16.2.1  Spacecraft  Structure  Subsystem 

Hie  spacecraft  structure  subsystem  is  the  basic  framework  of  the  satellite 
providing  physical  space  and  attachment  points  for  mounting  all  other 
spacecraft  subsystems  and  equipment  (see  Fig.  C16-3).  In  addition,  the 
structure  provides  a  rigid  reference  for  installation  and  alignment  of 
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noiKl«ti  J«tAt  stnaort,  daployabl*  antannait  and  th«  raaccion  whc^il.  At 
itc  uppar  and  th«  atructur*  intarfacaa  with  tha  ABSC  aanaor.  Tha  lowar 
and  Intarfacaa  with  tha  TS  through  tha  booatar  adaptor.  Tha  aubayatam 
alao  pmvidaa  aMchaniaav  Cor  aaparating  tha  aatallita  from  tha  TS, 
daploying  tha  Aolar  paddlaa  and  antannaat  and  adjuating  aatallita  inartia 
propartiaa. 

Tha  atructura  ia  daaignad  to  hava  auCficiant  atrangth  and  rigidity  to 
vithatand  tha  aanciauai  (limit)  loada  and  anvironinanta  inducad  during  tha 
pralaunch,  launch/aacant,  and  on*orbit  phaaaa  of  tha  miaaion.  The  moat 
critical  loada  on  tha  atructura  occur  aa  reaponaaa  to  dynamic  loading 
conditions.  Tha  ultiaiata  factor  cf  aafaty  for  all  miaaion  phaaaa  ia  1.25. 

The  stifCnaaa  characteriatica  of  the  apacecraft  atructure  are  primarily 
predicated  on  the  requirement  to  avoid  exceaaive  loada.  This  ia 
accompliahed  by  daaigning  tha  aatallita  to  natural  frequencies  that 
minimise  dynamic  coupllua  with  tha  booatar  and  between  major  satellite 
components.  Acceptability  of  tha  aelactad  resonate  fraquancias  ware 
verified  by  dynamic  lt>ada  analysast  which  combine  analytic  models  of  tha 
aatallita  and  booatar,  and  by  a  modal  survey  on  «  full-scale  satellite. 
Other  stiffness  considerations  in  structural  design  are  to  prevent 
aatallita  deflections  from  violating  tha  fairing  dynamic  envelope  and  to 
minimiae  aanaor  pointing  errors  and  jitter. 

The  primary  structure  consists  of  an  eight-strut  tubular  truss  and  a 
compartment  assembly  (Sea  Fig.  C16-4).  Tha  octagonal  upper  section  of  tha 
compartment  contains  a  horiaontal  platform  and  eight  vertical  panels  for 
mounting  electronic  aquipaient.  Tha  lowar  section  ia  circular  in  shape  and 
provides  support  for  a  separable  propulsion  module  and  tha  reaction  wheel 
truss.  Support  from  four  aides  of  tha  propulsion  section  are  platforms 
containing  tha  RAOEC  II  and  other  spacecraft  aquipawnt. 

C16.2.2  Propulsion  Subsystem 

This  section  contains  a  brief  description  of  tha  5R/6R  propulsion 
subsystem  (PSS)  and  certain  PSS  components. 

The  5R/6R  PSS,  shc^m  schematically  in  Fig.  C16-5  and  shown  in  Fig.  C16-6, 
is  a  monopi'opallant  hydrasina  system  that  provides  the  satellite  with 
orbit  and  attitude  control  and  spin  rata  adjustment  capability.  Tha  PSS 
concists  of  two  propellant  tanks,  four  3.S-lbf  monopropallant  (catalytic) 
engine  assemblies,  one  gas  generator  assembly,  eight  gas  thrxiaters,  four 
latching  isolation  valves,  four  fill  and  drain  solenoid  isolation  valves, 
cwo  liquid  and  two  gas  pressure  transducers,  two  liquid  filters,  one  gas 
filter,  thermal  control  equipment,  propellant  feedlines,  and  mounting 
brackets. 


Th*  d«lc«  V  and  high^Icvsl  attitud*  control  thruaterr.  'tra  identical, 
noainally  rated  at  3.5  pounds  of  thrust,  but  capable  ol  producing  A.l 
pounds  of  thrust  at  600-psi  propellant  tank  pressure.  The  delta  V 
■onopropellant  hydraslne  rocket  engine  assesiblies  provide  velocity 
IncreMnts  to  the  satellite  for  orbital  vtlocity  changes.  Each  thruster, 
when  coimanded,  fires  one  pulse  per  satellite  revolution.  Two  high-level 
attitude  contrrl  thrusters  are  positioned  on  the  satellite  to  provide  high 
torque.  High-lovel  thrusters  can  be  operated  at  command  pulse  widths  of 
0.023  to  1  second.  Delta  V  thrusters  can  be  operated  at  command  pulse 
widths  of  0.2  and  1.6  seconds. 

The  eight  low-level  jets  are  contained  in  two  assemblies,  four  in  each, 
and  operate  in  pairs  to  form  a  low-torque  couple  for  attitude  control  and 
spin-speed  correction. 

The  gas  generator  is  a  monopropellant  hydraslne  thruster  that  does  not 
hrve  a  throat  and  expansion  nossle.  It  is  used  to  pressurise  a  spherical 
phenum  tank  with  warm  gas.  A  3-wa.tt  gas  generator  chamber  heater  is 
hard-wired  to  maintain  catalyst-bed  temperature  close  to  70*F.  In 
addition,  a  pre-pulse  circuit  is  employed  to  operate  the  gas  generator  for 
0.05  second,  followed  by  a  l.O-second  delay  each  time  the  gas  generator 
valve  receives  a  cotmaand  to  open.  This  results  in  a  pre-warming  of  the 
catalyst  bed  and  provides  for  smooth  starts.  The  gas  gonerator 
temperature  is  monitored  via  telemetry,  and  the  thermistor  is  mounted  to 
the  generator-to-plenum  interface  flange. 

The  propulsion  subsystem  also  includes  two  spherical  propellant  tanka 
containing  352  pounds  of  hydraslne  with  GN2  as  pressurant.  The  tanka 
are  interconnected  anu  operate  in  a  blow-down  mode.  Pressure  tranducers, 
electrical  harness,  system  plumbing,  isolation  valves,  and  thermal  control 
equipment  are  also  part  of  the  subsystem.  All  the  propulsion  components 
are  mounted  to  the  propulsion  platform. 

Vernier  velocity  maneuvers  are  performed  using  radially  oriented  hydraslne 
thrusters  that  are  pulsed  at  the  appropriate  point  in  the  satellite 
rotation  relative  to  sun-line  crossings  to  build  up  the  desired  delta  V. 
Thu  ACS  provides  the  timing  and  pulse  cosssand  functions.  Because  of 
possible  misallgrjsents  of  the  delta  V  thrusters  from  the  satellite  center 
of  mass,  larger  than  normal  pointing  and  spin-speed  disturbances  can  arise 
when  they  are  pulsed.  During  this  time,  the  spin  jets  are  activated  to 
constraint  momentum  buildup,  and  the  high-level  hydraslne  thrusters  are 
substituted  for  the  low-level  control  jets  in  order  to  maintain  stronger 
control.  ACS  pointing  requirements  are  relaxed  during  the  infrequent 
vernier-velocity  mneuvers. 
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Attitude  Control  Subsystem 


The  attitude  control  subsystem  (ACS)  operates  in  conjunction  with  the 
propulsion  subsystem  to  execute  the  pointing,  payload  scanning,  and 
vernier  velocity  functions  of  satellite  operation.  The  subsystem  uses  the 
power,  telemetry,  and  command  provisions  of  the  power  and  electrical 
distribution  subsystem  and  the  communication  and  command  subsystem.  The 
ACS  relies  upon  the  structural  subsystem  for  critical  alignment  of 
assemblies;  provides  attitude  determination  signals  to  the  payload  and 
sequencing  signals  to  the  electrical  distribution  subsystem;  and  operates 
in  a  test  mode  in  connection  with  the  electrical  operating  ground 
equipment.  The  attitude  control  subsystem  is  designed  to  perform  for  a 
period  of  at  least  three  years  on-orbit  with  a  goal  of  five  years. 

The  attitude  control  subsystem  consists  of  the  following  units: 

Sun  Sensors 

Earth  Sensor  Assemblies  (ESA) 

Control  Electronics  Assemblies  (CEA) 

Rate  Gyro  Assembly  (RGA) 

Attitude  Control  Converter  (ACC) 

Reaction  Vnieel  Assembly  (RWA) 

Reaction  Wheel  Electronics  Assembly  (RWEA) 

The  attitude  control  subsystem  functional  block  diagram  is  shown  in  Figure 
C16-7. 

The  ACS  consists  of  non-redundant  reaction  wheel  and  rate  gyro  assemblies, 
and  redundant  sun-  and  earth-sensor  assemblies.  The  assemblies  are 
managed  by  means  of  the  dual  attitude  converter.  Redundant  control 
electronics  assemblies  process  the  sensor  data  to  produce  thruster 
commands  in  the  various  control  modes.  The  thruster  commands  are 
amplified  by  redundant  valve-drive  electronics  for  application  to  the 
thruster  solenoids.  Satellite  spin  is  effected  by  the  reaction  wheel, 
which  has  two  redundant  motors  run  by  one  of  the  redundant  reaction  wheel 
electronic  assemblies.  The  capability  exists  to  use  one  or  both  motors 
for  reaction  wheel  run-up. 

C16.2.4  Electrical  Power  and  Distribution  Subsystem 

The  primary  objective  of  the  power  portion  of  the  subsystem  is  to  provide 
adequate  electrical  power  to  all  satellite  electrical  equipment  during  all 
operational  phases. 

The  power  subsystem  is  fully  self-contained  in  that  it  supplies  electrical 
energy  from  solar  array  and  battery  sources,  is  thermally  integrated, 
monitors  its  own  operation,  and  provides  signals  for  telemetry.  It 
provides  onboard  automatic  control  and  command  capability  for  override  or 
backup  control.  It  also  provides  protection  of  the  subsystem  and  other 
selected  spacecraft  loads  essential  to  mission  success. 
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The  configured  items  comprising  the  power  portion  of  the  subsystem  as 
shown  in  Figures  C16-8  and  C16-9  are  a  solar  cell  array,  three  batteries, 
a  power  control  unit  (PCU),  five  shunt  element  assemblies  (SEA),  the  solar 
array  transient  suppression  assembly  (SATSA),  the  array  switching  unit 
(ASU),  and  12  battery  reconditioning  discharge  resistors  and  associated 
circuitry.  The  same  design  characteristics  for  these  components  are 
summarized  in  Table  C16-1. 

The  solar  cell  array  converts  incident  solar  energy  during  periods  of 
illumination  to  electrical  energy  that  is  used  to  supply  the  satellite 
loads  and  to  recharge  the  batteries.  During  periods  of  launch,  eclipse, 
or  peak  power  demand  in  excess  of  solar  array  capability,  the  batteries 
supply  all  or  part  of  the  load,  as  required.  While  on  the  launch  pad, 
power  is  supplied  by  the  Power  and  Ordnance  Test  Set  until  T-220,  at  which 
time  the  inflight  jumpers  are  installed  and  the  spacecraft  is  on  internal 
power.  The  SATSA  provides  limiting  of  the  solar  array  bus  voltage  to  hlV 
and  filters  high  frequency  oscillations  in  the  solar  array  power,  shunt, 
and  return  lines.  The  ASU  connects  (or  disconnects)  strings  of  solar 
cells  on  the  solar  paddles  and  base  panels  to  (or  from)  the  primary  bus 
and  return  bus. 

Since  the  solar  array  power  capability  at  the  required  operating  voltage 
can  exceed  the  demand,  dissipative  SEAs,  which  are  controlled  by  the  PCU, 
are  used  to  limit  the  array  voltage.  The  maximum  SEA  dissipation  occurs 
under  conditions  of  minimum  spacecraft  load  and  battery  trickle  charging 
and  maximum  solar  array  output. 

C16.2.5  Thermal  Control  Subsystem  (TCS) 

The  spacecraft  is  exposed  sequentially  to  four  periods  of  differing 
thermal  environments:  (1)  on-stand,  where  fairing  air  conditioning  is  use 
to  maintain  satisfactory  component  temperatures,  (2)  launch  to  satellite 
separation,  (3)  from  separation  to  earth  acquisition,  and  (4)  normal 
orbit.  The  function  of  the  thermal  control  system  is  to  maintain  all 
spacecraft  equipment  within  acceptable  temperature  limits  throughout  the 
post-launch  phases  of  the  mission.  This  is  accomplished  piinarily  by 
passive  means  using  combinations  of  thermal  hardware,  including  super 
insulation,  second  surface  mirrors,  and  thermal  coatings. 

Thermostatically  controlled  heaters  are  employed  in  a  few  locations  to 
achieve  optimum  operating  temperatures  or  to  prevent  equipment  damage  or 
propellant  freezing  during  worst-case  cold  conditions.  The  worst-case 
on-orbit  cold  condition  occurs  at  equinox  (430-Btu/hr/f t^  solar 
constant)  with  a  maximum  eclipse  of  1.2  hours.  The  worst-case  hot 
condition  occurs  during  winter  solstice  (443  Btu/hr/ft^).  A  description 
of  the  thermal  envitonments  following  launch  is  continued  in  the 
environmental  specification,  SYl-72. 
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Table  C16-1  Electrical  Power  Configuration  for  Phase  II  Upgrade 


Equipment 

o 

Solar  Array 

Number  of  Panels 

20 

Number  of  Cells 

90,288 

Type  of  Cells 

N-on-P ; 

2  X  2  cm 

Cover  Material 

0.0006-inch  fused  silica  or 
ceria  doped  glass 

Area 

517  sq.  ft 

Weight 

343  pounds  (maximum) 

o 

Batteries 

Number  of  Batteries 

3 

Type 

Nickel-cadmium 

Cells  per  Battery 

22 

Capacity  (each) 

24  amp-hr 

Size  (each) 

850  in. 3  (11.9"  x  8.7"  x  8.2") 

Weight  (each) 

53.0  pounds 

Heater  Control 

45*F  (thermal  switch) 

o 

Power  Control  Unit 

Primary  Bus  Control 

Low  voltage  limit  at  31.4  +  0.2  Vdc 
High  voltage  limit  at  31.8  +0.2  Vdc 

Battery  Charge  Control 

Set  to  temperature  limits  for  tickle 
or  full  charge 

Load  Control 

Undervoltage  at  24.0  +  0.5  Vdc 

Size 

570  in. 3  (9.0"  x  7.0"  x  6.4") 

Weight 

10.9  pounds 

o 

Shunt  Element  Assembly 

Number  of  Units 

6 

Maximum  Total  Shunt  Power 

432  Watts 

Area  (each) 

1.0  ft2 

Weight  (each) 

4.2  pounds 

o 

Solar  Array  Transient  Suppressor  Assembly  | 

Number  of  Units 

1 

Size 

12"L  x  7"W  X  2.25"H 

Weight 

3.4  pounds 

0 

Array  Switching  Unit 

Number  of  Units 

1 

Size 

9.55"L  X  7.5"W  x  7.5"W  x  8.C"H 

Weight 

5.0  pounds 

Almost  all  spacecraft  heat  dissipating  components  are  located  in  either 
the  main  equipment  compartment  or  the  two  RADEC  II  compartments.  During 
an  orbit,  the  spinning  satellite  causes  the  compartments  to  assume  all 
attitudes  with  respect  to  the  solar  vector.  To  minimize  the  thermal 
effects  of  such  varying  levels  of  solar  irradiation,  the  external  surfaces 
of  the  compartments  are  completely  covered  with  multilayer  insulation 
blankets,  except  for  local  radiating  areas.  These  areas  are  covered  with 
second  surface  mirrors  having  high  reflectivity.  By  appropriately  sizing 
the  radiating  areas,  satisfactory  temperature  levels  are  established  for 
the  compartments. 

C16.2.6  Communication  and  Comnand  Subsystem 

The  conanunication  and  command  subsystem  (CCS)  transmits  sensor  mission 
data  and  satellite  housekeeping  data  to  the  ground  stations,  receives  and 
processes  commands,  and  provides  ranging  signals  for  orbit  determination. 

C16.2.7  Ordnance  Subsystem 

Ordnance  devices  provide  the  following  functions: 

Separation  of  the  satellite  from  the  booster  system; 

Deployment  of  the  two  high-gain  antenna  assemblies; 

Solar  paddle  retention/release; 

Deplo3rment  of  the  four  aolar  paddles; 

The  separation  function  uses  a  separation  nut  (128381).  The  two 
deployment  functions  are  accomplished  by  pin  pullers  (117720).  Both 
ordnance  device.'',  i.e.,  the  separation  nut  and  the  pin-pullers,  are 
powered  by  the  TRW  pyrotechnic  cartridge  SP7210. 

From  a  functional  point  of  view,  the  ordnance  devices  are  composed  of 
pyrotechnic-powered  cartridges  which,  when  triggered  by  an  appropriate 
electrical  pulse,  produce  a  self-sustaining  chemical  reaction  whose 
procucts  actuate  a  mechanical  device. 

The  ordnance  devices  used  in  the  structure  subsystem  consist  of  the 
separation  nuts,  the  pin  pullers,  and  their  associated  circuitry.  The 
purpose  of  the  ordnance  component  is  to  actuate  a  separation  system  to 
separate  the  satellite  from  the  booster  and  a  deployment  system  to  deploy 
two-high  gain  antenna  assemblies  and  four  solar  paddles.  All  of  these 
functions  take  place  in  response  to  ordnance  control  circuitry. 

The  TRW  ordnance  control  and  firing  circuits  control  the  spacecraft 
post-separation  sequence  by  automatically  activating  the  deployment 
ordnance  devices.  As  a  backup,  all  ordnance  functions  may  be  activated  by 
ground  command. 
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C16.2.8  Separation  Nut  (Separation  Systam) 


This  ordnance  device  is  similar  in  design  and  function  to  the  C117634 
separation  nut,  which  has  performed  successfully  in  the  DSP,  DSCS,  P"74, 
HEAD,  and  TDRSS  programs.  It  is  based  on  an  improved  design  that 
incorporates  a  sealed  pressure  cavity  and  provides  reduced  shock  to  nearby 
components . 

C16.2.9  Shock  Raduction 

The  shock  imparted  to  the  surroundings  via  the  mounting  structure  of  this 
separation  nut  is  reduced  by  minimizing  direct  impact  of  moving  parts  on 
adjacent  structures,  by  compensating  motion  of  internal  parts,  and  by 
using  a  relatively  low  pressure  and  a  small  free  volume  that  results  in 
low  piston  velocities. 

C16.2.10  Pin  Puller  (Deployment  System) 

This  ordnance  device  has  been  used  on  the  DSP  program  on  previous 
launches.  The  117720  pin  puller  has  performed  successfully  on  all 
previous  launches  of  the  OS?  and  the  DSCS,  P-7A,  HEAD,  and  TDRS.  It  is 
based  on  a  proven  design  that  incorporates  a  dual  cartridge  (SP7210), 
either  of  which  will  activate  a  piston  so  as  to  remove  a  pin  from  a  clevis 
or  ocher  mechanical  fixture,  thus  releasing  an  assembly  vital  to 
performance  of  the  satellite. 

The  satellite  components  that  require  deployment  after  satellite 
separation  from  the  launch  vehicle  are  the  four  restraining  assemblies, 
four  solar  paddles,  and  two  high-gain  antenna  assemblies.  The  deployment 
system  consists  of  torsion  springs  and  pin  puller  assemblies. 

C16.3  MISSION  SCENARIO 

Satellites  0005R  and  Q006R  are  contract  iteou  (CIs)  consisting  of  the  SED 
sensor  segment,  which  detects  IR  sources  to  accomplish  Mission  A;  the 
RADEC  segment,  which  accomplishes  Mission  B,  and  the  spacecraft  segment 
which  provides  an  orbiting  platform  for  the  sensor  segments.  Advanced 
RADEC  I  is  assembled  with  the  SED  sensor  by  AESC  to  form  the  SED  Sensor 
Cl.  RADEC  II  is  assembled  with  the  spacecraft  by  TRW  to  form  the 
spacecraft  Cl. 

Satellites  0005R  and  0C06R  are  built  to  be  launched  on  either  the  T3AD/IUS 
or  the  TSAD/Transtage.  Satellites  OOOSR  and  0006R  are  Phase  II  satellites 
retrofitted  with  some  multi-orbit-satellite/build-to-print  (MOS/PIM) 
features  and  modifications  resulting  from  new  requirements. 

For  further  details  see  Tzanstage  (TS)  Upper  Stago  Vehicle  Mission 
Scenario. 
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Figure  C16-2  Satellites  005  and  006  Retrofit  Configuration 
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Figure  C16-4  Structure  Assembly 


Figure  016-7  Attitude  Control  Subsystem  (ACS) 
Functional  Block  Diagram 
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Figure  C16-8  Electrical  Power  and  Distribution 
Subsystem  Block  Diagram 
C16-16 
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Figure  C16-9  EPOS  Components 
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APPENDIX  C17 

GLOBAL  POSITIONING  SYSTEM  (GPS) 


ci7.n  introduction 

The  following  data  were  extracted  from  the  "SSD  83-D1S2-1  Phase  2  Accident 
Risk  Assessment  Report  for  NAVSTAR  Block  II  Production  Satellite  GPS-0013 
and  PAM-D  II  Upper  Stage  Cargo  Element,"  Rockvell  International,  Satellite 
Systems  Division,  approved  by  Eyman  and  Inokuchi,  September  198A. 

C17.1  GENERAL  DESCRIPTION 

The  Global  Positioning  System  (GPS)  provides  navigational  signals  to  the 
navigation  user  community  for  the  purpose  of  determining  position, 
velocity,  and  time.  It  also  provides  an  orbiting  platform  and  support  for 
lONDS  Global  Segment  (IGS)  payload  operations. 

Tne  Space  Segment  (SS)  consists  of  the  aggregate  hardware,  software, 
analyses,  materials,  services,  and  data  required  to  design,  develop, 
produce,  and  test  a  satellite  constellation  supported  by  the  Control 
Segment  (CS)  and  providing  global  navigation  signals  to  the  GPS  User 
Segment  (US)  and  signal  data  to  the  IGS  user  subsegment.  The  SS 
configuration  includes  the  Space  Vehicle  (SV),  Support  Equipment  (SE),  and 
Flight  Support  Computer  Programs  (FSCP).  The  SS  functional  areas  are 
identified  in  Figure  C17-1.  Two  types  of  space  vehicles  may  be  on  orbit 
in  the  GPS  constellation:  Block  I  Navigation  Development  Satellites  (NDS) 
and  Block  II  Satellites.  This  document  describes  the  Block  II  Satellite 
only,  since  Block  I  satellites  are  launched  from  expendable  boosters. 

The  space  vehicle  consists  of  two  payloads  and  supporting  subsystems. 

The  spacecraft  (configuration  shown  in  Figures  C17-2,  C17-3,  and  C17-4)  is 
composed  of  the  following  subsystems: 

a)  Structures  Subsystem 

b)  Thermal  Control  Subsystem  (TCS) 

c)  Electrical  Power  Subsystem  (EPS) 

d)  Attitude  &  Velocity  Control  Subsystem  (AVCS) 

e)  Reaction  Control  Subsystem  (RCS) 

f)  Orbital  Insertion  Subsystem  (OIS) 

g)  Telemetry,  Tracking  and  Command  Subsystem  (TT&C) 

h)  L-Band  Subsystem  (L-Band) 

i)  Integrated  Transfer  Subsystem  (ITS) 

The  payloads  to  be  flown  on  and  supported  by  the  GPS  spacecraft  are: 

a)  Navigation  Payload  (NAV) 

b)  Global  Burst  Detector  (GBD) 
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C 1 7 . 2  SYSTEMS  DESCRIPTIONS.  HAZARDOUS  MATERIALS.  SCHEMATICS 
C17.2.1  Telaiaetry.  Tracking,  and  Cotanand  (TT&C)  Subsystem 


This  subsyittsin  provides  telemetry,  tracking,  coEinand,  and  navigation 
upload  capabilities  to  support  vehicle  operations  in  conjunction  with  the 
Air  Force  Satellite  Control  Facility  (AFSlT)  and  the  Control  Segment. 

The  TT&C  S-Band  antennas  consist  cf  three  ^rna  elements  connected  to 
redundant  transponders  via  the  RF  assembl  ■  conical  spiral/bicone 
assembly  is  mounted  on  an  articulated  deployacle  mast  that  extends  from 
the  forwaru  bulkhead.  Another  conical  spiral  element  is  mounted  on  an 
articulated  deployable  mast  that  extends  from  the  aft  bulkhead.  Both 
antennas  are  functionally  operable  in  their  stowed  positions  with  reduced 
pattern  coverage.  No  space  vehicle  RF  transmissions  through  these 
antennas  will  occur  during  Shuttle  countdown,  ascent,  and  descent.  Prior 
to  SV/PAM  deployment,  the  TT&C  transmitter  will  be  enabled  by  Orbiter  GPC 
comnanding,  via  the  PAM  ASE,  of  the  appropriate  load  control  unit  (LCD) 
relay. 

C17.2.2  L-Band  Subsystem  (LBS) 

The  L-Band  subsystem  will  generate,  amplify,  and  transmit  radio  signals  at 
the  L]^,  L2,  and  L3  carrier  frequencies.  The  subsystem  consists  of 
three  functional  aesemblies:  (1)  the  navigation  RF  assembly  (NFRA),  (2) 
the  L3  transmitter  assembly,  and  (3)  the  antenna  assembly.  This 
subsystem  is  not  activated  during  Orbiter  ascent  and  descent.  Inadvertent 
operation  is  controlled  by  three  independent  inhibits,  as  are  the  TT&C  and 
ITS  subsystems. 

C17.2.3  Integrated  Transfer  Subsystem  (ITS) 

The  integrated  transfer  subsystem  provides  for  the  radio  transfer  of  data 
between  its  equipped  GPS  Satellites.  A  single  UHF  antenna  is  lued  for  the 
transmitting  and  receiving  functions.  Since  simultaneous  transmit  and 
receive  operations  are  not  required,  the  antenna  is  switched  between 
transmitter  output  and  receiver  input  by  transmit/receiver  switch  in  the 
RF  and  Digital  Unit  (RFDU).  The  antenna  is  integrated  into  the  navigation 
cntenna  and  comprises  a  ring  array  of  eight  dipole  elements  and  feed 
network  to  provide  a  RHCP  split-beam  antenna  pattern.  The  subsystem  never 
operates  while  the  CE  is  in  the  Orbiter  payload  bay;  therefore,  it  doe's 
not  pose  a  radiation  hazard  to  STS  operations. 

C17.2.4  Ionizing  Radiation  Data 

This  section  provides  ionizing  radiation  (radioactive)  source  data  for 
identified  reportable  sources  associated  with  operations  to  be  conducted 
at  ESMC  and/or  KSC. 

Phase  0/1/2  The  Radiological  Safety  Analysis  Summary  and  Radiation 
Protection  Plan  for  the  Rubidium  Frequency  Standard  CDRL  0A9A2  Contract 
F04701-78-C-0153  is  provided  as  radioactive  source  data  for  Rubidium-87. 
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The  cesium  frequency  standard  (CFS)  uses  Cesium  133,  which  is  a  natural 
and  ^'table  ( nonrad loactive)  source  and  does  not  emit  radiation  or  thermal 
energy.  In  accordance  with  AFR  122-16,  Nuclear  Safety  Review  Procedures 
for  Space  of  Missile  Use  of  Radioactive  Sources,  A  Rad4>ological  Safety 
Analysis  Summary  and  Radiation  Protection  Plan  are  not  required  for  Cesium 
133. 

The  Department  of  the  Air  Force-Headquarters  Air  Force  Systems  Command 
Aerospace  Safety  Division  has  granted  Nuclear  Safety  Approval  for  NAVSTAR 
Block  II  Satellites  with  Rubidium-S?  physics  packages  to  be  placed  in 
Earth  orbit  aboard  the  Space  Transportation  System. 

Requirements  for  radioactive  sources  to  verify  compliance  with  Eastern 
Launch  Site  (ELS)  data  requirements  will  be  provided  at  a  later  date.  The 
necessary  forms  required  by  the  Radiation  Protection  Handbook,  KHB  1860.1, 
and  by  ESMC  Regulation  160-1  will  be  provided  during  later  submittals. 

JSC  Form  AA,  ionizing  radiation  source  data  sheet  for  space  flight 
hardware,  will  be  prepared  by  the  NAVSTAR  Joint  Program  Office  AFSC-SD/YE. 

Each  NAVSTAR  Block  II  Satellite  contains  two  Rubidium  Frequency  Standards 
(See  Fig.  C17-5)  manufactured  by  Collins  Coonunication  Systems  Division 
(CCSD),  Rockwell  International  Corp,  using  a  radic  ^tive  ph^rsics  package 
supplied  by  Efratom  Systems  Corporation.  This  physics  package  includes 
two  glass  cells  which  contain  approximately  600  micrograms  of  Rubidium 
metal  vapor  enriched  in  the  isotope  Rb-87.  The  lamp  cell  and  its 
resonance  cavity  cell  contain  approximately  300  micrograms  each.  The 
thickness  of  glass  used  in  the  lamp  cell  and  resonance  cavity  cell  is  0.12 
±  0.03  cm.  This  is  greater  than  the  range  of  the  beta  particles  emitted 
by  Rubidluffl-87  and  will  not  therefore  give  rise  to  a  beta  radiation  dose 
outside  the  cell.  The  gamma  ray  dose  at  the  face  of  the  physics  package 
is  less  than  10~^  millirem  per  hour. 

The  worst-case  potential  hazard  that  could  occur  would  be  the  release  of 
Rubidium-87  from  both  sets  of  the  lamp  and  resonance  cavity  cells.  The 
amount  of  Rubidium-87  released  would  be  less  than  a  milligram  (0.12 
nanocuries ) . 

The  composition,  probable  chemical  form,  and  fraction  of  permissible  body 
burden  of  the  total  activity  that  may  be  released  is  summarized  below: 

Probable 

Radioactive  Chemical  Total  I  Maximum  Permissible 

Material  Form  Activity  Burden  for  Total  Body 

Rubidium-87  Soluble  0.12  1.5  x  10~^ 

The  maximum  body  burden  is  defined  as  that  amount  of  an  internally 
deposited  radioisotope  which  imparts  the  maximum  permissible  dose,  5000 
millirem  per  year.  The  added  dose  due  to  human  ingestion  of  the  total 
available  Rubidium-87  activity  would  be: 

8736  hrs/yr  x  0.03  mr/hr  jj  100  »  5.2AI 
5000  mr/yr 
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In  the  event  of  a  worst-case  potential  hazard*  the  rubidium  would  probably 
be  released  to  the  envirooment  as  a  respirable  oxide,  and  inhalation  would 
be  the  route  of  ingestion  with  long  term  deposition  in  the  lung.  This 
could  lead  to  proportionally  higher  exposure  to  lung  tissues  (maximum 
retention  «  12X)  and  decreased  exposure  to  other  body  tissues.  Rubidium 
uptake  mechanism  in  the  body  closely  resembles  that  of  potassium  with  a 
slightly  slower  transport.  The  skeletal  and  heart  muscles  form  the  chief 
store-house,  followed  by  liver  and  gall  bladder.  Nonradioactive  Rubidium 
is  not  known  to  be  toxic  to  humans.  Muscle  tissue  may  accumulate  Rubidium 
up  to  concentrations  of  20-60  percent  higher  than  those  of  potassium  with 
very  little  adverse  effects  on  the  body.  Rubidium  is  present  in  nearly 
all  iron  ores,  in  tome  mineral  springs,  and  iu  fairly  abundant  in  food 
elements,  especially  beans,  barley,  and  soft  tissue  of  most  animals. 

There  is  no  conceivable  event  in  which  one  person  could  receive  an  intake 
of  Rubidiuffl-87  which  is  a  significant  fraction  of  the  annual  limits  if  all 
the  lamp  or  resonance  cavity  cells  are  broken  and  the  released  material  5.8 
inhaled- ingested.  The  internal  radiation  dose  equivalent  from  intake  of 
Rubidiuffl-87  as  a  consequence  of  damage  to  cells  in  the  payload  will  be 
negligible. 

C17.2.S  Radiological  Safety  Data 

The  lamp  cell  and  resonance  cavity  cell  of  the  Rubidium  Frequency  Standard 
contains  a  Group  1  silvery-white,  soft,  alkaline  Earth  Metal:  rubidium, 
in  which  the  radioactive  Isotope  Rubidiun-87  has  been  enriched  to  about 
60X.  The  Rubidium-87  decays  to  stable  Strontium-87  with  the  emission  of  a 
beta  particle.  The  following  data  summarize  the  pertinent  parameters  for 
the  radioisotope  contained  in  the  vehicle: 


Radioisotope 

Emitted 
Radiation 
Decay  Mode 

Half 

Life 

(yrs) 

Maximum 
Permissible 
Burden  in 
Total  Body* 

(u  ci) 

Maximum  Allowable 
Occupational 
Concen  t  ra  t ions** 
(u  ci/ml) 

Rubidium-87 

B- 

4.7x10^0 

200 

In  Air  In  Water 
5x10'  3xl0--^ 

*Permis8ible  Dose  for  Internal  Radiation;  International  Connission 
on  Radiological  Protection 

Beta  particles  can  penetrate  the  epidermis  of  the  skin  and  irradiate  the 
radiation  sensitive  dermis  layer  of  skin.  The  following  shielding  data, 
based  on  U.S.  Public  Health  criteria  and  on  information  by  manufacturer  of 
GPS  Rubidium  Frequency  Standard  should  be  considered: 


Radioisotope 

Rubidiuin-87 


MaximuiP 

0.274  MeV 


Equivalent 
Shielding  for 
Complece  Absorption 
of  Bata  Particle 

0.01  cm,  Pb 
0.05  cm.  Glass** 

0.1  cm.  Tissue** 

0.1  cm,  Al* 


Half -Value 

layer 

Thickness 

0.002  cm* 


*U.S.  Public  Health  criteria  (Radiological  Health  Handbook,  1970 
revised  edition);  minimum  thickness  of  commercially  available  sheet 
lead  is  1/64  inches  (0.40  mm.). 

**Information  furnished  by  Efratom  Systems  Corporation. 

Beta  radiation  sources  that  are  outside  the  body  lead  to  exposure  of  the 
skin.  If  taken  into  the  body  through  Inhalation  or  ingestion,  they  can 
lead  to  exposure  of  the  whole  body.  Dose  equivalent  15.mits  for 
occupational  radiation  exposure  are: 

Annual  Dose 
Equivalent  Limit* 


Organ  _ (REMS) 


Whole  Body  5 

Rands  and  forearms;  feet  75 

and  ankles 

Sk’* :  of  whole  body  30 


CFR  20; 

Cl 7. 2. 6  Special  Range  Safety  Considerations 

The  Rubidium  Frequency  Standards  contain  an  extremely  small  quantity  of 
radioactivit  in  the  physics  package  and  do  not  require  dosimeters  to  be 
worn  by  pers  anel.  The  level  of  radioactivity  at  the  face  of  the  Rubidium 
Frequency  .Standard  is  essentially  undetectable  by  portable  dosimeters. 

Wipe  test  .  a  is  not  required,  because  no  removable ' contamination  would 
be  present  on  the  sealed  physics  package.  The  probability  of 
leakage/release  of  radioactive  material  is  remote. 

The  minor  radioactive  source  contained  in  the  physics  package  does  net 
present  an  external  radiation  hazard  because  of  the  limited  quantity  of 
Category  C  Minor  sources  available.  In  the  event  of  an  uncontrolled 
release  of  the  isotope,  a  very  minor  local  contamination  and  airborne 
radioactivity  might  exist  if  the  release  occurred  in  a  relatively  small 
volcune.  There  is  no  significant  radiobiological  hazard  associated  with  a 
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relMie  of  the  materiel  on-pad  or  above  the  Earth.  No  unique  or  apecial 
handling  procedures  of  the  Rubidiuiii-87  minor  radioactive  source /frequency 
standard  is  required. 

A  launch  pad  fire  involving  the  liquid  and  solid  fuel  would  create 
temperatures  near  3000*F,  which  would  vaporise  the  sources.  The 
Rubidiuin-87  will  mix  with  the  very  large  vapor  cloud  and  move  downwind. 
The  wide  distribution  of  120  picocuries  within  this  vapor  cloud  will  not 
create  a  significant  radiological  health  hasard.  In  fact,  if  all  120 
picocuries  were  to  be  inhaled  by  one  individual,  it  would  be  much  less 
than  the  maximum  permissible  body  burden  of  200  micocurles  set  by  the 
Inteimationa\  Commission  on  Radiological  Protection. 

Cl 7. 2. 7  Description  of  Minor  Radioactive  Sources 

Rubidium-87  is  incorporated  into  vehicle  design  as  a  source  of  ionising 
radiation  required  by  the  NAVSTAR'S  navigation  time  -  frequency  standard 
subsystem. 


a.  Radionuclide,  mode  of  decay,  and  associated  intensities  and 
energies: 


Radioisotope 

Rubidium-87 


b.  Activity; 


Decay  Mode  Half  life  (yrs) 

B-  4.7  X  IQlO 
(decays  to 
stable 

Strontium-87) 


Radioisotope 

Rubidium-87 

Rubidium-87 


Activity 
per  Source 

0.030  Nanocuries 

0.030  Nanocuries 


Loc  W/N 
Free  Std 

Lamp  Cell 

Resonance 
Cavity  Cell 


Total  No. 
Sources 

2 

2 


Maximum 

Energy 

0.274  MeV 


Total 

Radioactivity 
0.06  Nanocuries 
0.06  Nanocuries 


c.  Manufacturer: 


Total  Activity  0.12  Nanocuries 
Efratom  Systems  Corporation 


d.  Source  identification  number:  Efratom  Model  FRK-HM80 

Rubidiuffl-87 


e.  Cross-Sectional  Sketch:  See  Figure  Cl 7-6 
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F.  Sourcs  holder  and  tnaterlal  or  construction: 


S* 

h. 

i. 

j. 

k. 

l. 
m. 
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The  Lamp  Cell  source  holder  is  constructed  of  glass 
0.05  ±  0.02  cm  thick. 

The  resonance  cavity  cell  source  holder  is  constructed  of  glass 
0.12  +  0.03  cm  thick. 

Physical  Form:  Silvery-White-Colored  Metal 

Chemical  Form:  Group  1  Alkaline  Earth  Metal 

Oatet  Type,  and  Result  of  Last  Wipe  Test:  Not  Applicable 

Method  of  Sealing  To  Prevent  Leaks:  Glass  Encapsulated 

Radioisotope  Location  in  Satellite:  See  Figure  Cl 7-7. 

Type  of  Protective  Cover  Material:  Not  Applicable 
Radioisotope  Soluble  in  Water:  Yes 
Propulsion  Data 


Two  propulsion  subsystems  are  identified  for  use  on  the  space  vehicle. 

One  is  an  orbital  insertion  subsystem  (0IS)«  and  the  other  is  a  reaction 
control  subsystem  (RCS).  The  OIS  will  Incorporate  a  solid  rocket  motor, 
and  the  RCS  will  utilize  liquid  propellant  hydrazine  thrusters. 

GPS  Space  Vehicle  Ordnance  System  Data 

Manufacturer:  Thiokol  Corp,  Elkton,  Maryland 

Item?  Solid-propellant  rocket  motor  -  STAR  37XF 
Part  No:  TE-M-71A-8 

NEW:  1795  lbs 

Chemical  Composition:  TP-H-33A0  propellant  (89X  HTPB) 

DOD  Class:  1.3C 

DOT  Class:  Rocket  Motor,  Class  B  Explosive 
RF  Susceptibility:  TBD 

The  STAR  37XF  motor  is  located  on  the  centerline  of  the  Z  axis  within  the 
thru.^t  cylinder  and  cone  of  the  space  vehicle  structural  body  assembly. 
The  rocket  motor  provides  the  impulse  at  the  transfer  orbit  apogee  to 
circularize  the  orbit,  simultaneously  providing  a  plane  change  of  25.05 
degrees.  The  rocket  motor  is  being  developed  as  an  apogee  motor  for  the 
Intelsat  V  spacecraft  and  incorporates  an  89  percent  solids  HTPB 
propellant  in  a  high-strength  titanium  case  and  a  submerged  nozzle  with 
Integral  torodial  igniter  and  carbon/carbon  exit  cone.  The  only 
electrical  power  required  by  the  rocket  motor  is  for  thermal  control 
heaters.  (See  Fig.  Cl 7-8). 
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Autoignition  ssnaitivity  of  the  propellant  is  time  and  temperature 
dependent.  Instantaneous  ignition  will  occur  at  temperatures  above 
500*F.  Autoignition  will  not  occur  when  exposed  to  temperatures  of  up  to 
250*F  for  up  to  eight  hours. 

Manufacturer:  Thiokol  Corp,  Clkton,  Maryland 

Item:  Igniters  -  S&A/ETA/TBI/Initiator/Toroidal  Pyrogen 

Part  No:  Model  213AA  (S&A) 

NEW:  1.5  grams  (S&A  Detonstors  Only) 

Bridgewire  resistance:  0.90  to  I.IO  ohms 
Max.  Safe-No-Fire:  I  amp/1  watt  for  5  minutes 
Minimum-Fire:  5.0  amp 
All-Fire:  3.5  amps  20  milliseconds 
RF  Susceptibility:  TBD 

DOT  Class:  Nozzle  S<  Toroidal  Igniter  -  Igniter.  Rocket  Motor. 

Class  B  Explosive 

Pyrogen  Igniter  TP-H-3174  Propellant  -  Propellant 
Explosive  (solid).  Class  B 
DOD  Class:  Nozzle  &  Toroidal  Igniter  -  I.3C 

Pyrogen  Igniter  TP-H-3174  Propellant  -  1.3C 

The  safe  and  arm  (S&A)  device  and  motor  ignition  train  are  designed  to 
preclude  any  inadvertent  ignition  of  the  rocket  motor  propellant  grain 
caused  by  static  electricity,  human  error,  or  lightning  while  the  GPS 
space  vehicle  is  in  the  orbiter  cargo  bay.  The  S&A  will  be  located  on  the 
f  rward  face  of  the  aft  space-vehicle  bulkhead.  The  S&A  contains  all 
fragmentation  from  the  igniter  ignition  and  will  not  cause  damage  to 
adjacent  components.  (See  Fig.  C17-9). 

The  S&A  rotor  assembly  is  powered  by  a  28-Vdc  siotor  with  an  integral 
planetary  gear  speed  reduction  unit.  The  rotational  power  of  the  ac  motor 
is  transmitted  to  the  output  shaft  through  spur  gears  and  a  slip  clutch. 

If  the  motor  is  activated  with  the  safety  pin  in  place*  the  slip  clutch 
will  prevent  motor  damage.  The  explosive  rotor  assembly*  visual 
indicator,  and  rotary  switches  are  located  on  the  output  shaft.  The 
rotary  switches  control  the  electrical  circuitry,  including  motor  control, 
remote  monitoring,  detonator  circuit  shorting*  and  firing  signals.  In  the 
safe  position,  the  rotor  assembly  provides  a  physical  barrier  in  the  flow 
path  between  the  detonators  and  the  explosive  transfer  assemblies  (ETA). 
When  arming  current  is  applied  and  the  safety  pin  has  been  removed*  the 
output  shaft  rotates  90  degrees  to  align  the  rotor  lead  assembly  with  the 
explosive  train  flow  path.  The  S&A  is  remotely  armed  and  safed 
electrically.  (See  Fig.  C17-10) 

C17.2.9  Reaction  Control  Subsystem 

The  reaction  control  subsystem  (RCS)  shall  be  provided  to  effect  the 
required  spacecraft  maneuvers  during  the  SV/PAM-D  transfer  orbit 
operations,  SV  drift  orbit  operations*  and  SV  on-orbit  operations.  The 
RCS  shall  be  a  blowdown  system  using  monopropellant  hydrazine  pressurized 
by  gaseous  nitrogen.  The  subsystem  shall  consist  of  a 
propellant/pressurant  storage  (PPS)  assembly,  a  propellant  distribution 
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and  control  (PDC)  assembly •  and  the  rocket  engine  assembly  module  (REAM). 
The  PPS  components  consist  of  two  propellant  tanks,  each  equipped  with 
positive  expulsion  diaphragm,  two  propellant  fill  and  drain  valves,  two 
pressurant  fill  valves,  and  two  temperature  transducers.  The  PDC 
components  consist  of  two  pressure  transducers,  two  filters,  and  two 
latching  isolation  valves.  The  REAM  components  consist  of  twenty  O.UAN 
(0.1  Ibf)  thrusters  and  two  22.2  N  (5  Ibf)  thrusters,  each  equipped  with  a 
temperature  sensor,  thruster  valve  heaters,  and  catalyst  bed  heaters. 

(Fig.  C17-11.) 

C17.2.10  Interface  Description 

The  interfaces  of  the  cargo  element  are  the  GPS/PAM-DII  interfaces  and 
interfaces  with  the  GBD  and  STS  Orbiter  considering  the  present  mission 
planned  for  the  GPS.  The  cargo  element  is  comprised  of: 

PAM-DII  (cradle,  restraint  mechanism,  payload  attach  fitting,  spintable 
and  expendable  vehicle) 

Global  Positioning  Satellite 

Global  Burst  Detector 

C17.2.11  Interface  Control  Drawings 

The  interface  controls  specify  the  flight  vehicle  interface  agreements 
among  the  contractors  and  agencies  involved  in  the  integrated  program. 

The  effects  of  the  design  and  operation  of  the  airborne  elements  and 
ground-based  elements  of  the  GPS/PAM-DII  systems  are  contained  in  the 
following  documents: 

Shuttle  Orbiter/Payload  Assist  Module-DII  (PAM-DII)  Interface  Control 
Document  (ICD)  IDC-A-18413,  dated  IS  May  1984 

Navstar  GPS  Space  Vehicle/PAM-DII  Interfaces,  MH08-00004-600 ,  dated  15  May 
1984 

GPS/Global  Burst  Detector  (GBD)  Interfaces  (Block  II),  dated  22  August  1982 

These  documents  serve  as  the  Instruments  for  contractuel  control  of  the 
Cargo  Element  interfaces. 

C17.2.12  Interface  Configuration 

PAM-DII  avionics  is  shown  in  Figure  C17-12.  Figure  C17-13  depicts  the 
cargo  element.  It  is  the  GPS,  with  GBD  installed,  mounted  on  the 
PAM-DII.  Figure  C17-14  shows  the  integrated  system  with  relation  to  the 
thermal  protection  by  the  sunshield. 

The  interfaces  of  primary  concern  consist  of  a  physical /mechanical 
attachment  at  all  interfaces  and  the  associated  loads  therein;  an 
electrical/avionics  interface  concerned  with  ordnance  systems,  separation 
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tysCQint,  electrical  power  and  command  discretea;  a  thermal  interface;  and 
EMC  interface!.  Of  secondary  concern  are  interfaces  where  ionising 
radiation,  toxic  materials,  and  flammable  materials  may  be  involved  as 
well  as  considerations  for. possible  operator  error. 

C17.2.13  Global  Burst  Detector 

The  global  burst  detector  (GBO)  consists  of  an  optical  sensor  (BDY),  a 
data  processing  unit  (BOP)  and  either  an  x-ray  sensor  (BOX)  or  a  dosimeter 
(BOD).  The  system  operates  onboard  a  global  positioning  system  (GPS).  In 
the  configuration  where  the  BOP,  BDY,  and  BOX  are  connected,  the  GBD 
detects  nuclear  events.  In  the  configuration  where  the  BDP,  BDY,  and  BDD 
are  connected,  the  GBD  detects  background  radiation  and  nuclear  events. 

The  sensor  outputs  are  processed,  and  the  data  is  delivered  to  the  lONDS 
global  segment  (IGS)  portion  of  the  satellite  by  the  BDP.  The  BOP  also 
accepts  GPS  timing  signals  from  the  satellite  for  time-tagging  the  event 
detection  and  formats  the  vent  data  for  transmission  by  wa',  of  the  GPS  L3 
data  link.  In  addition,  27-volt  power,  timing  signals,  discrete  commands, 
and  other  signals  are  received  from  the  satellite.  The  GBD 
state-of-health  (SOH)  information  is  input  to  the  satellite  PCM  unit  for 
transmission  on  an  S-Band  telemetry  link.  Figure  C17-15  defines  the 
interface  between  the  GPS  and  the  GBD. 

C17.2.I4  Ignition  of  Flammable  Materials 

The  GBO  does  not  contain  batteries  or  other  energy  sources  which  could 
ignite  flammable  materials.  In  addition,  the  GBD  is  turned  off  at  all 
times  while  in  the  payload  bay.  Two  faults  would  be  required  to  turn  the 
GBD  on  and  provide  an  ignition  source. 

C17.2.15  Ignition  of  Flammable  Atmospheres 

There  are  no  mechanical  switching  devices  in  Che  GBO  that  would  provide 
sparks  or  arcs.  The  system  is  off  while  in  the  payload  bay. 

C17.2.I6  Radiation.  lonlzing/Non-Ionising 

There  is  no  source  of  ionising  or  non-ionising  radiation  in  the  GBD. 

1.  There  are  no  transmitters  in  the  GBD  equipment. 

2.  There  is  no  radioactive  material  in  the  GBD  equipment. 

C17.2.17  Venting  of  Sealed  or  Unsealed  Components 

Adequate  venting  is  provided  in  Che  GBD  electronic  equipment  enclosures. 
All  enclosures  are  contained  within  the  GPS  main  structure. 
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C17.2.18  H«i>rdou«  Voltage  Sourcts 


All  tourctt  of  haiardoua  voltagea  are  of  extremely  low  current.  Poeitive 
barriera  are  provided  for  all  circuita  in  the  GBD,  and,  in  addition: 

1.  The  GBD  la  In  the  off  condition  during  prelaunch,  launch,  aacent, 
deacent,  and  abort.  A  27-volt  power  source  ia  provided  by  the  GFS 
apacecraft  through  the  load  control  unit.  The  following  actiona 
are  required  by  the  jround  syateu  to  turn  on  the  GBD: 

LCU  power  to  GBO  must  be  turred  on; 

Magnitude  command  must  be  sent  to  the  GBD  (GND  CMD); 

NDU  Power  must  be  commanded  on  (GND  CMD); 

FSDU  Power  must  be  commanded  on  (GND  CMD;; 

Frequency  standard  must  be  commanded  on  (GND  CMD); 

2.  The  27-volt  GPS  input  to  the  GBD  is  fused  on  the  spacecraft  side 
with  two  medium-speed  2-amp  fuses  in  parallel.  This  interface 
limits  the  input  current  to  &  maximum  of  A  amps.  If  the  GBD  were 
commanded  on  while  in  the  STS  payload  bay  and  a  short  existed  in 
the  GBD,  the  maximum  current  would  be  carried  by  the  #26  and  #28 
wire.  This  current  would  be  insufficient  to  ignite  the  insulation 
or  to  raise  temperatures  to  3S2*F. 

C17.2.19  Toxic  Materials 

There  are  no  toxic  materials  in  the  GBD. 

Cl  7. 2. 20  Ordnance 

There  ia  no  ordnance  in  the  GBO. 

C17.3  MISSION  SCENARIO 

The  GPS  apace  vehicle  has  two  missions.  The  first  mission  is  to  enhance 
user  performance  by  providing  a  worldwide  signal  environment  which  will 
give  three-dimensional  position  and  velocity  and  time  information  to 
suitably  equipped  users.  The  GPS  accomplishes  this  mission  through  the 
use  of  three  segments,  l.e.,  space  segment,  control  segownt,  and  user 
5.egment.  The  Block  II  space  vehicle's  navigation  payload  and  L-Band 
subsystem  provide  the  user  segment  with  pseudorandom  noise  (PRN) 
navigation  signals  on  the  primary  (Lj^)  and  secondary  (L2)  frequency 
bands . 

The  second  mission  is  the  nuclear  burst  mission.  A  nuclear  detonation  at 
or  above  the  Earth's  surface  is  detected  by  the  GBD  mounted  on  the  Block 
II  space  vehicle.  These  data  are  processed  in  the  burst  detector 
processor,  chipped,  encoded,  then  bi-phase  modulated  at  200  bps  with  the 
navigation  P(Y)-code  and  transmitted  on  the  L3  carrier  frequency  of 
1381.05  MHs  to  IGS  user  terminals.  The  IGS  user  terminal  integrates  the 
detected  burst  data  from  four  or  more  satellites  to  determine  the  Earth 
location  of  the  nuclear  detonation. 
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C17.3.1 


GPS  Production  Space  Vehicle  Processing 


The  SV  will  arrive  at  the  CCAFS  skid  strip  aboard  a  747  cargo  aircraft 
without  the  orbit  insertion  motor  installed.  The  SV  will  then  be 
offloaded  from  the  aircraft  to  a  low-bed  air-ride  trailer  and  transported 
to  the  NPF  airlock  where  it  will  be  unpacked,  the  shipping  bag  cleaned, 
and  the  SV  inspected  for  damage.  If  damage  is  detected,  discrepancy 
reports  will  be  initiated  and  dispositioned  before  processing  the  SV.  The 
SV  will  then  be  moved  into  the  SV  checkout  bay  and  connected  to  the  GSE; 
air  conditioner  cooling  ducts  will  be  installed;  and  batteries  will  be 
charged  in  preparation  for  functional  testing.  The  SV  will  then  undergo  a 
postfactory  Fanctional  test,  solar  array  illumination  test,  AFSCF 
compatibility  test,  control  segment  test,  pin  puller  test  and  connection 
for  flight,  EED  installation  and  verification,  and  OIS  ordnance  and  safe 
and  arm  device  functional  test.  The  SV  batteries  are  reconditioned  and 
left  discharged  until  delivery  to  the  launch  pad. 

The  Navstar  Launch  Base  Processing  Flow  is  shown  in  Figure  C17-16. 

C17.3.2  GPS  Mission  Phases 

Fig.  C17-17  defines  the  mission  phases  required  to  perform  the 
Shuttle-launched  GPS  mission.  The  beginning  and  ending  events  for  each 
mission  phase  and  the  associated  time  bases  are  defined  in  Figure  C17-18. 
The  time  base  is  used  from  time  zero  and  shall  be  the  means  for 
establishing  the  time  performance  of  each  event  or  sequence  within  a  given 
mission  phase. 

C17.3.3  Preflight  Operation  Phase 

This  phase  begins  when  the  SV  arrives  at  the  Eastern  Space  and  Missile 
Center  (ESMC),  initiating  Time  Base  1.  This  time  base  is  a  countdown 
keyed  with  the  Shuttle  launch  countdown  operations.  The  SV  and  PAM  are 
either  supplied  from  their  respective  production  phases  or  are  returned 
from  the  Orbiter  landing  site  after  an  aborted  flight.  The  SV  will 
undergo  checkout,  servicing,  and  integrated  checkout  with  the  PAM  cradle 
at  ESMC.  The  SV/PAM/ASE/Orbiter  Interface  will  be  verified, 
containerized,  and  transported  to  the  Shuttle  launch  pad,  where  it  will  be 
installed  into  the  Orbiter  payload  bay.  SV  status  checks  will  be  made 
prior  to  payload  bay  door  closure. 

C 1 7 . 3 . 4  Shuttle  Ascent  Phase 

This  phase  begins  with  Orbiter  payload  bay  door  closure  and  initiates  Time 
Base  2.  This  time  base  is  composed  of  two  time  segments:  The  first  is 
coincident  with  the  Shuttle  launch  countdown  and  is  terminated  at  solid 
rocket  booster  (SRB)  ignition;  the  second  segment  commences  at  SRB 
ignition  and  is  terminated  when  parking  orbit  insertion  is  achieved, 
resulting  in  orbital  maneuvering  subsystem  (OMS)  engine  cutoff. 

Propellant  for  the  main  engines  is  loaded  into  the  external  tank  (ET) 
after  the  payload  bay  doors  are  closed,  and  the  Shuttle  vehicle  is 
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sequenced  to  launch  status.  First-stage  ascent  Is  accomplished  under 
thrust  from  both  SRBs  and  the  three  main  engines.  Second-stage  ascent 
occurs  under  main  engine  power.  The  ET  is  separated  after  the  delta-V 
conditions  have  been  realized  and  after  the  main  engines  shut  down.  The 
QMS  engines  then  provide  thrust  to  insert  the  orbiter  into  the  parking 
orbit.  Normal  phase  termination  occurs  at  OMS  engine  cutoff.  An  aborted 
flight  can  be  initiated  any  time  after  SRB  separation  and  before  OMS 
engine  cutoff  at  parking  orbit  insertion.  Return  to  launch  site  (RTLS)  is 
the  first  abort  mode  and  will  result  in  an  Orbiter  landing  at  KSC.  Abort 
once  around  (AOA)  is  the  second  abort  mode  and  will  result  in  an  Orbiter 
landing  at  KSC.  Abort  to  orbit  (ATO)  is  the  third  abort  mode  and  may 
place  the  Orbiter  in  a  lower  orbit  than  the  desired  parking  orbit. 

Orbiter  landing  could  occur  at  KSC,  Edwards  AFB,  or  Vandenberg  AFB. 

C17.3.5  SV/PAM/Orbiter  Parking  Orbit  Operations  Phase 

This  phase  begins  with  the  Orbiter  OMS  engine  cutoff  and  initiates  Time 
Base  3.  The  Orbiter  reconfigures  for  orbital  operations  by  opening  the 
payload  bay  doors,  initiating  radiator  cooling,  and  increasing  electrical 
power  and  cooling  capability  to  onboard  payloads  as  may  be  required. 

SV/PAN  status  check  and  preparation  operations  will  be  conducted  to 
determine  flight  readiness  using  the  STS  communication  network  and 
tracking  and  data  relay  satellite  system  (TDRSS)  in  conjunction  with 
onboard  ASE  control  functions.  The  Orbiter  will  then  cooperatively 
maneuver  to  the  attitude  required  for  SV/PAM/Orbiter  separation  and  SV/PAM 
PKM  ignition.  The  PAM  spin  table  will  then  spin  the  SV/PAM  to  75  ±  3.75 
rpm.  The  SV/PAM  separation  is  initiated  from  the  aft  flight  deck  of  the 
Orbiter  to  fire  a  pyrotechnic  separation  device  on  the  PAM  cradle.  The 
SV/PAM  is  ejected  from  the  PAM  cradle  under  a  spining  load  to  terminate 
the  phase.  An  aborted  flight  can  be  Initiated  prior  to  SV/PAM  Orbiter 
separation.  Orbiter  landing  could  occur  at  KSC,  Edward  AFB,  or  Vandenberg 
AFB. 

C17.3.6  SV/PAM  Transfer  Orbit  Operations  Phase 

This  phase  begins  with  SV/PAM  Orbiter  separation  and  initiates  Time  Base 
A.  The  SV/PAM  is  spin-stabilized  about  its  PKM  thrust  axis  upon  leaving 
the  Orbiter  and  is  oriented  in  the  attitude  required  for  the  transfer 
orbit  injection  burn.  The  orbiter  will  perform  a  series  of  maneuvers  in 
accordance  with  the  NASA  PAM  separation  sequence  to  obtain  a  safe 
separation  distance.  The  PAM  PKM  will  be  fired  when  the  programmed 
orbital  point  has  been  achieved  and  will  thrust  until  burnout  to  inject 
the  SV/PAM  into  an  elliptical  transfer  orbit  having  an  apogee  altitude 
close  to  the  operational  orbit  altitude.  SV  PAM  separation  will  be 
commanded  via  the  PAM  sequencer  following  the  PAM  PKM  burnout.  The  SV 
will  continue  its  flight  in  the  spin-stabilized  mode.  The  SV  will  undergo 
an  inversion  procession  maneuver  to  generally  align  the  OIS  motor  axis 
with  the  expected  drift  orbit  insertion  thrust  vector.  The  SV-attitude 
and  transfer-orbit  state  vectors  will  be  determined  by  the  AFSCF  and  trim 
maneuvers  performed  as  necessary  to  accurately  align  the  OIS  motor  axis 
with  the  required  orbital  insertion  thrust  vector.  The  AFSCF  will  preform 
state-of-health  (SOH)  checks  and  maintenance  as  required. 
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SV  Drift  Orbit  Insertion  Phase 


This  phase  begins  near  apogee  when  the  SV  OIS  motor  is  conmanded  to  fire 
and  initiates  Time  Base  5.  The  OIS  motor  thrusts  to  burnout  to  insert  the 
SV  into  the  initial  drift  orbit.  The  AFSGF  will  monitor  the  orbit 
insertion  delta-V  for  satisfactory  performance. 

C17.3.8  SV  Drift  Orbit  Operations  Phase 

This  phase  begins  when  the  SV  OIS  bum  is  complete  or  when  the  decision  is 
made  to  make  an  on-orbit  storage  vehicle  operational  and  initiates  Time 
Base  6.  The  SV,  under  control  of  the  AFSCF,  shall  be  despun  about  its  Z 
axis,  in  increments,  to  a  rate  of  approximately  25  rpm,  (not  applicable 
for  on-orbit  storage  vehicles).  If  the  angle  of  sun  Incidence  on  the 
stowed  solar  array  panels  does  not  provide  adequate  power  and  thermal 
control,  the  SV  will  then  be  precessed  toward  a  more  favorable  attitude. 

A  drift  orbit  correction  maneuver  (or  maneuvers)  may  be  necessary  to 
correct  for  any  PAM  burn  errors  so  that  the  final  drift  orbit  will 
coincide  with  the  desired  drift  orbit.  A  "horizontal"  precession  maneuver 
will  be  performed,  as  required,  prior  to  any  drift  orbit  correction 
maneuvers  to  modify  SV  attitude  for  correct  delta-V  fire  alignment.  The 
delta-V  is  performed  with  continuous  firing  of  one  five-pound  thruster. 

The  SV  will  then  be  processed,  if  required,  such  that  the  -fZ  axis  will  be 
nadir  pointing  at  the  planned  time  for  Earth  acquisition.  Following  this 
nadir  maneuver,  the  SV  will  be  despun,  in  multiple  steps,  to  a  final  rate 
of  approximately  1.2  rpm.  The  pitch  and  roll  thrusters  will  be  enabled 
and  controlled  by  the  combined  Earth  sensor  (CES)  control  from 
spin-stabilized  to  two-axis-stabiliiied  and  thus  effect  "Earth 
acquisition."  The  -Y  solar  array  wing  will  be  deployed,  and  the  SV 
rotation  about  the  yaw  axis  will  be  stopped  under  control  of  the  solar 
array  boom-mounted  yaw  sun  sensor.  This  will  result  in  the  vehicle  being 
3-axis  stabilized,  with  the  -Y  solar  array  wing  continuously  tracking  the 
sun  under  the  control  of  its  pitch  sun  sensors.  Electrical  power  will  be 
applied  to  the  navigation  payload  and  L-band  subsystem  heaters  and  a 
portion  of  the  NAV  payload  equipment  to  thermally  stabilize  certain 
circuits.  The  -t-Y  solar  array  wing  will  then  be  deployed  and  continuous 
tracking  of  the  sun  commenced.  The  L]^  and  L2  portion  of  the  L-band 
subsystem  and  the  remainder  of  the  NAG  payload  will  be  powered  up.  An 
initialized  NAV  message  shall  be  commenced  on  the  L]^  and  L2  RF 
downlinks.  Jet  controls  will  be  deactivated,  leaving  autonomous  attitude 
control  of  the  SV  to  reaction  wheels  and  commandable  magnets.  The  AFSC 
Camp  Parks  Facility  may  be  used  to  evaluate  the  and  L2  RF 
parameters  for  comparison  with  the  S-band  NAV  telemetry  received  at  the 
STC.  Following  this  series  of  events,  the  AFSCF  will  relinquish  control 
of  the  SV  to  the  Control  Segment. 

C17.3.9  SV  Operational  Phase 

This  phase  begins  with  the  transfer  of  SV  control  from  the  AFSCF  to  the 
control  segment  and  initiates  Time  Base  7.  Once  the  CS  has  received  the 
SV  orbital  parameters  from  the  AFSCF,  the  monitor  stations  will  acquire 
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the  SV  and  Lo  dovmlinks  for  transmission  to  the  CS.  The  CS  will 
use  the  data  received  from  the  MSs  to  continue  NAV  performance  evaluations 
and  make  any  necessary  NAV  adjustments.  The  S-band  SGLS  shall  be  used  to 
uplink  commands  and  data.  The  CS  will  preform  the  necessary  station 
acquisition  delta-V  maneuvers  to  place  the  SV  into  the  final,  on-station, 
operational  orbit  and  will  continue  all  orbit  maintenance  operations.  The 
NAV  payload  will  then  be  uploaded,  placed  into  operation,  and  the  GBD  will 
be  made  operational.  The  GBD  will  undergo  a  less-than-one-week  period  of 
sensor  trigger  level  adjustment  and  a  characterization  of  sensor 
response.  The  expected  L3  transmission  time  for  these  operations  will 
be  less  than  10  minutes  per  day.  Normal  GBD  operating  time  will  be 
approximately  five  minutes  per  day  following  the  calibration  period.  The 
SV  will  be  able  to  support  GBD  operation  for  a  maximum  of  2  hours  per 
day.  The  L3  link  will  be  monitored  by  the  IGS  control  subsystem 
co-located  with  the  GPS  control  segment.  The  CS  will  check  the  SV  health 
and  status  and  perform  all  SV  on-orbit  maintenance  operations.  The  AFSCF 
may  be  required  to  periodically  perform  and/or  monitor  S-band  SOH  supports 
on  each  SV  to  maintain  the  proper  level  of  SV  knowledge  and  operational 
proficiency  necessary  to  perform  contingency  operations  should  the  CS 
require  assistance  in  the  support  of  an  ailing  SV.  The  AFSCF  will  retain 
the  backup  capability  to  reset  and  upload  NAV  messages  to  the  SV. 

C17.3.10  Orbiter  Descent  Phase 

This  phase  begins  when  the  abort  or  deorbit  decision  is  made  and  initiates 
Time  Base  8.  The  Orbiter  reconfigures  for  deorbit,  when  parking  orbit 
operations  are  terminated,  by  decreasing  electrical  power  and  cooling 
capability  to  onboard  payloads,  initiating  flash  evaporator  cooling,  and 
closing  the  payload  bay  doors.  The  orbiter  performs  the  deorbit  delta-V 
and  then  orients  to  the  atmospheric  entry  attitude.  The  atmospheric 
entry,  terminal  area  energy  management,  and  approach  and  landing  subphases 
are  used  to  control  the  orbiter  vehicle  on  an  entry  profile  to  reduce  the 
entry  velocity  and  land  at  the  designated  landing  site.  This  phase  is 
terminated  when  the  orbiter  vehicle  landing  rollout  is  complete. 

C17.3.11  SV/PAM/Qrbiter  Post-Landing  Operations  Phase 

This  phase  begins  when  the  orbiter  vehicle  landing  rollout  is  complete  and 
initiates  Time  Base  9.  The  landing  site  for  nominal  and  abort  flights 
will  be  KSC,  or  VandcnLerg  AFB,  or  Edwards  AFB  for  flight  safety  and 
logistical  reasons.  Post-landing  operations  will  be  performed  in 
accordance  with  an  operational  timeline.  Orbiter  and  SV/PAM  post-landing 
secure  operations  will  be  performed  as  necessary.  The  Orbiter  vehicle 
will  be  placed  on  external  electrical  power  and  cooling  shortly  after 
landing  and  towed  to  a  closed  area.  The  payload  bay  doors  will  be  opened 
using  ground  support  equipment.  The  SV  and  PAM  will  be  safed,  then  slings 
will  be  attached  to  the  PAM  cradle.  The  PAM  ASE  or  the  SV/PAM  ASE  will 
then  be  hoisted  out  of  the  payload  bay  and  inerted  into  a  protective 
shipping  canister.  The  loaded  canister  will  then  be  transported  to  either 
Seal  Beach  or  the  ESMC  facility  for  processing  for  the  next  mission. 
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C17.3.I2  On-Orbit  Storage  Operations  Phase 


Certain  space  vehicles  may  be  placed  Into  on-orbit  storage  in  each  of  the 
six  operational  orbit  planes  to  foreshorten  the  response  time  for 
replacing  a  vehicle  that  has  failed.  These  vehicles  may  remain  in  orbital 
storage  for  as  long  as  2.5  years  before  their  operational  activation. 
On-orbit  storage  vehicles  will  be  spin  stabilizedt  their  solar  arrays  will 
remain  in  the  stowed  position,  and  they  will  be  monitored  and  maintained 
on  a  periodic  basis. 

Subphase  operations  for  this  phase  commence  after  the  SV  CIS  burn  is 
complete.  Oespin  to  25  rpm,  attitude  and  orbit  determination,  and 
horizontal  maneuver  operations  are  identical  with  those  defined  for  the  SV 
drift  orbit  operations  phase. 

Vehicles  selected  for  placement  as  on-orbit  spares  will  be  identical  to 
operational  vehicles.  The  mission  operations  for  a  spare  SV  will  be 
identical  with  the  normal  deployment  up  to  the  time  of  drift  orbit 
insertion.  The  initial  drift  orbit  of  the  SV  will  not  be  corrected  by  DOC 
maneuvers  until  the  SV  is  brought  out  of  storage  and  is  assigned  to  a 
specific  location  within  its  orbital  plane. 

Following  the  AFSCF  checkout,  the  SV  control  will  be  transferred  to  the 
Cs,  which  will  maintain  the  vehicle  until  activation  to  operational  status 
is  desired.  During  this  maintenance  period  the  SV  AVCS  will  be 
deactivated,  and  attitude  control  will  be  maintained  by  spin  stabilization 
and  passive  mutation  damping,  SV  configuration  during  the  storage  period 
is  identical  to  the  launch  configuration  except  that  the  TT&C  S-band 
telemetry  system  is  enabled  for  the  automatic  turn  on/off  (ATO)  mode  of 
operation. 
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Figure  C17-3 


_  _ 

Figure  C17-4  Shuttle-Launched  Navstar  GPS  Space  Segment  Vehicle 
Block  Diagram  (Sheet  1  of  2) 
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Figure  C17-10  OIS 
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Figure  C17-11  RCS  block  Diagram 
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APPENDIX  C18 

P80-1  SPACE  VEHICLE  SYSTEM 
(INCLUDING  ION  AUXILIARY  PROPULSION  SYSTEM  (lAPS)) 

C18.0  INTRODUCTION 

The  following  data  were  extracted  from  the  Annotated  Bibliography 
Documents,  Ref  02A  (August  1984,  update),  and  Ref  043  (June  1983,  Rev.  B, 
update).  Also  used  were  data  from  the  P80-1  program.  Formal  Training 
Space  Vehicle  Syate:.!  Overview  Document,  Rockwell  International,  Satellite 
Systems  Division,  Feb.  1985. 

C18.1  GENERAL  DESCRIPTION 

The  P80-1  Space  Vehicle  System,  consisting  of  a  spacecraft  and  required 
Airborne  Support  Equipment  (ASE),  has  been  developed  and  prepared  by  the 
United  States  Air  Force  to  meet  Space  Transportation  System  (STS)  safety 
requirements.  It  will  be  launched  aboard  the  Space  Shuttle  from  the  NASA 
Eastern  Launch  Site.  See  Figures  C18-1,  C18-2,  C18-3,  C18>4,  and  C18~5. 

C18.2  SYSTEMS  DESCRIPTIONS,  HAZARDOUS  MATERIALS.  SCHEMATICS 

C18.2.1  Structures 

Major  P80-1  structures  include  the  ASE  cradle,  propulsion  module,  the 
spacecraft,  and  associated  experiments. 

C18.2.2  Propulsion  Subsystems 

Orbi  .ijection  Subsystem  (Propulsion  Module)  -  This  system  injects  P80-1 
into  final  orbit.  See  Figures  C18-6  through  C18-10. 

C18.2.3  Hydrazine  Reaction  Control  (HRC)  System 

The  function  of  the  HRC  system  shown  in  Figure  CI8-11  is  to  provide 
control  during  orbit  injection  system  burn. 

CIS. 2.4  Cold  Gas  Reaction  Control  System 

The  cold  gas  reaction  control  system  shown  in  Figures  C18-12  and  C18-13 
provides  3-axis  attitude  control  after  Orbiter  separation  through  on  orbit 
reaction  wheel  turn  on.  It  consists  of  two  tanks  which  contain  10  pounds 
of  GN2  each,  at  3700  psl. 

C18.2.5  Electrical  Power  Subsystem  (EPS) 

The  electrical  power  subsystem  (EPS)  shown  in  Figures  C18-14  and  C18-15  is 
comprised  of  components  that  store  energy  (batteries)  and  charge  (solar 
arrays)  and  that  control  and  distribute  power.  The  EPS  functions  are  the 
following: 
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1.  Spacftcraft  Fover  RsquirttiMnta 

Solar  Array  Power  Generation 

Battery  Energy  Storage  For  Eclipae  and  Peak  Power  Requlremnts 
But  Voltage  Control 

P'ault  Protection,  Switching,  and  Dlatrlbutlon  to  Loadt 

2.  Special  Power  Rcqulreicenta 

5U90  Vdc  to  lAPS  Experiment 
o  f.0X  Kode  A,  3Ct  Mode  B,  lOX  Mode  C 

o  7-10  Days  Cuntlnuoua  Operating  Capability  for  One  Thruster 

3.  Special  Control  Functions 

EUV  Power  Control  (On  in  Eclipse,  Off  in  Sunlight-with  Override) 

-  Sun  Safe  Indication  of  Sunlight  on  Array 

A.  Safing,  Arming,  and  Firing  Circuitry  for  Electroexploslve  Devices 
and  Non-Kxplosive  Initiators 

5.  Airborne  Support  Equipewnt  Electrical  Functions 

-  Battery  Energy  Storage 

-  Fault  Protection,  Switching,  and  Distribution 
Display  and  Control  Panel  Capability 

•-  Deployment  EED  Safing,  Arming,  and  Firing 

C18.2.6  Attitude  Control  and  Determination  Subsystem  (ACDS) 

The  ACDS  provides  for  attitude  sensing,  logic,  and  control  to  mintain 
satellite  orientation  and  provide  rate-of-chango  inforsiation. 

CIS. 2. 7  Telemetry,  Tracking,  and  Cossnaad  (TT&C)  Subsystem 

The  TT&C  subsystem  provides  telemetry,  tracking,  and  command  functions  to 
:7upport  the  operations., 

CIS. 2. 8  Thermal  Control  Subsystem  (TCS) 

The  TCS  maintains  all  components  within  their  prescribed  tempeiature 
limits.  It  has  the  following  elements:  coatings  and  paint,  insulation, 
and  heaters. 

C18.2.9  Airborne  Support  Equipment  (ASE) 

The  ASE  for  the  P80-1  cargo  element  consists  of  the  satellite  support 
structure  and  a  control  panel  in  the  Orbiter  aft  flight  deck,  all  of  which 
remain  with  the  Orbiter  after  spacecraft  separation. 

C18.2.10  ION  Auxiliary  Propulsion  System  (lAPS) 

The  lAPS  experiment  is  a  mercury  ion  thruster  system.  Two  \»its,  mounted 
on  the  spacecraft,  each  contain  about  19  pounds  of  mercury  at  oS  psia. 

The  lAPS  is  built  by  Hughes  Aircraft  Compary.  (See  Figures  ClS-lb  through 
C18-19). 
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C18.2.11  lAPS  System  Gonf inuration 


As  delivered  to  the  spacecraft  contractor,  the  ZAPS  Experiment  consists  of 
a  number  of  Hughes-furnished  items,  which  have  been  installed  in  two 
Rockwell-furnished  ZAPS  Module  structures.  One  of  these  structures  is  to 
be  mounted  on  the  -Z  surface  of  the  P80-1  spacecraft,  and  the  other  is  to 
be  mounted  on  the  -X  surface.  Each  module  contains  a  mercury  feed 
system.  Each  mercury  feed  system,  as  shown  schematically  by  Figure  1, 
includes  a  mercury  reservoir,  a  pressure  transducer,  a  solenoid-operated 
bi-stable  latching  valve,  and  a  mercury  feed  line.  The  spherical  portion 
of  the  reservoir  (Item  (D)  and  the  feed  line  (Item  (11)),  up  to  the 
closed  latching  valve  (Item  (8)),  contain  mercury.  This  volume  of  mercury 
is  under  a  lower  pressure  (35  psia)  resulting  from  the  gaseous  nitrogen 
pressurant  (Item  (4))  in  the  gas  pressure  shell  of  the  mercury  reservoir 
(Item  (5)).  The  pressurant  is  introduced  through  the  gas  fill/vent  valve 
(Item  (6)).  A  pressure  transducer  (Item  (7))  is  provided  to  monitor 
mercury  feed  system  pressure  during  ground  operations  and  during  in-orbit 
operation.  By  means  of  a  mechanical  joint  (Item  (9))  the  mercury  feed 
system  connects  to  the  inlet  fitting  of  the  thruster,  gimbal,  beam  shield 
unit. 

GL8.2.11.1  lAPS  Mercury  Tanks  -  Two  mercury  reservoirs  are  used  on  the 
ZAPS  flight  experiment.  Each  has  an  approximate  volume  of  80  in.^ 

(0.064  ft. 3),  of  which  48%  (approx.  38.4  in-3)  is  occupied  with 
mercury.  The  remaining  41.6  in. 3  is  filled  with  pressurant  gas  (100% 

Nz)- 


The  Propellant  Tank  operates  at  35  psia  (20.3  psig)  maximum,  and  has  been 
proof-tested  to  50  psig,  2.46  times  the  maximum  operating  pressure.  Burst 
pressure  calculations  for  the  reservoir  indicate  the  minimum  burst 
pressure  to  be  559.7  psi. 

This  assessment  indicates  that  the  TAPS  mercury  tanks  do  not  present  a 
hazard  from  to  explosion/ implosion  and/or  debris  due  to  the  ascent/descent 
depressurization/repressurization  of  the  Orbiter. 

All  lAPS  containers  were  determined  to  have  a  minimum  safety  factor  of 
2.5.  Structural  collapse  of  the  TAPS  containers  considered  the  containers 
as  evacuated.  The  containers  were  considered  unpowered  during  ascent,  on 
orbit,  and  during  an  aborted  landing,  therefore  not  performing  a  safety 
critical  function  and  not  presenting  a  hazard  to  the  Orbiter. 

None  of  the  ZAPS  containers  analyzed  are  consilered  sealed  containers, 
none  contain  safety-critical  inhibit  circuits,  and  none  contain  fluids 
which  can  present  a  hazard  to  the  Orbiter.  Upon  venting,  the  gases 
expelled  are  the  normal  atmospheric  constituents. 

This  assessment  indicates  that  no  lAPS-supplied  container  will  present  a 
hazard  from  explosion/implosion  or  debris  due  to  the  ascent/descent 
depressurization/repressurization  cycle  of  the  Orbiter.  This  structural 
design  analysis  indicates  that  there  are  no  failure  modes  in  these  mission 
phases . 
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C18.2.11.2  Background  Inforgiation  (Mercury)  -  Some  potential  hazard  exists 
because  of  the  elemental  mercury  contained  within  the  lAPS  experiment  (8.6 
Kg  in  each  of  two  reservoirs).  However,  becsiuse  the  design  of  the 
equipment  and  the  manner  in  which  it  is  to  be  handled  and  tested,  the 
probability  of  this  potential  hazard  becoming  a  reality  is  extremely  low 
if  handling,  assembly,  and  test  operations  are  conducted  with  reasonable 
care.  Mercury  is  a  metal  that  is  liquid  at  room  temperature.  It  is 
silver  in  color  and  extremely  heavy.  For  comparison,  a  gallon  of  mercury 
weighs  approximately  112.8  Ib,  while  a  gallon  of  water  weigh, 
approximately  8.3  lb.  Table  C18-1  summarizes  properties  of  mercury. 

As  temperature  increases,  the  mercury  vapor  pressure  increases.  The  vapor 
pressure  of  mercury  is  more  than  doubled  by  each  10*C  increase  in  local 
temperature.  The  amounL  of  vapor  produced  varies  directly  as  the  surface 
area,  if  all  other  conditions  remain  constant. 

In  still  air,  the  heavy  vapor  formed  at  the  surface  of  the  liquid  collects 
close  to  the  exposed  mercury  surface  and  opposes  further  vaporization.  In 
this  case,  the  mercury  vapor  concentration  near  the  exposed  liquid  mercury 
surface  would  be  high  (at  or  near  saturation),  while  the  concentration 
just  a  few  inches  above  the  surface  would  be  at  or  near  zero.  In  the 
presence  of  convective  air  currents,  the  vapor  concentration — at  any  given 
location — would  be  substantially  lower  than  saturated  conditions,  but  the 
contaminating  vapors  would  be  disseminated  over  a  much  larger  volume. 

Clean  mercury  is  readily  divided  into  globules,  but  these  globules 
coalesce  wheo  brought  together  again.  On  the  other  hand,  mercury  soiled 
by  grease  and  dust  will  divide  into  minute  globules  which  do  not 
coalesce.  The  resulting  separate  particles  are  so  minute  that  they  cannot 
be  seen  with  the  naked  eye,  and  the  mass  assumes  a  dull  grayish  color.  A 
comparatively  small  amount  of  mercury  (in  an  almost  invisible  state  of 
subdivision)  may  present  an  exposed  surface  equivalent  to  that  of  a  large 
mass  of  mercury  coalesced  in  a  dish  or  a  pan.  The  vapor  has  neither  taste 
nor  odor  to  give  warning  of  its  presence. 

It  has  been  determined  that  prolonged  exposure  to  mercury  vapor 
concentrations  of  no  more  than  0.03  milligrams  of  mercury  per  cubic  iMiter 
of  air  will  not  result  in  any  health  hazard  to  personnel.  Brief  exposures 
to  higher  concentrations  are  not  injurious,  but  poisoning  may  occur  in 
workers  exposed  to  concentrations  above  0.05  mg/m^.  In  addition  to 
inhalation  of  mercury  vapor  in  air,  exposure  may  result  from  inhalation  of 
a  mist  of  the  metal  or  from  liquid  mercury  being  absorbed  directly  through 
the  skin  or  being  ingested. 

Paragraph  5. 4. 3. 7  of  MIL-STD-25886A  (USAF),  mercury  and  many  compounds 
containing  mercury  can  cause  accelerated  stress  cracking  of  aluminum  and 
titanium  alloys. 


Table  CL8-1  Properties  of  Mercury 


Chemical  Formula 
Flammability 


Odor 


Hg 

Nonflammable,  but  mercury  forms 
explosive  combinations  with  eunmonia  and 
with  nitric  acid  and  ethanol. 

None 


Natural  State  at  Normal 
Temperatures  and  Pressures 

Molecular  Weight 

Specific  Gravity 

Boiling  Point 

Melting  Point 

Vapor  Pressure 

At  25 "C  and  760  mm  Hg 
Solubility 

Corrosiveness 


Liquid 

200.61 


13.534  at  25 °C 
357.3-C 


-38.9‘C 


0.000775  mm  at  10*C 
0.0C182  mm  at  20*C 
0.00407  mm  at  30*C 

1  ppm  of  vapor:  0.0082  mg/liter 
1  mg/1:  121.5  ppm 

Insoluble  in  water;  soluble  5.n 
inorganic  acids. 

Mercury  is  not  considered  corrosive  in 
the  ordinary  sense.  However,  many 
metals  dissolve  in  or  amalgamate  with 
mercury. 
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CIS. 3  MISSION  SCENARIO 


The  flight  operations  for  the  P80-1  program  are  addressed  in  the  DOD-STS 
P30-1  Mission  Plan,  SAMSO-LV-0032,  dated  October  1982.  The  following 
paragraphs  provide  a  summary  of  operations.  Mission  Overview  is  shewn  in 
Figure  C 18-20. 

During  the  prelaunch  terminal  countdown,  the  health  of  the  P80-1  and  the 
STS  are  verified.  The  P80-1  is  powered  off  during  ascent;  therefore  no 
P80-1  statu.®  telemetry  is  available.  Following  verification  of  a  safe 
park  orbit,  the  Orbiter  GPCs  are  reconfigured  to  the  OPS-2,  the  on-orbit 
conf iguration. 

Once  the  SSV  is  on  station,  P80-1  deployment  operations  can  begin  as 
summarized  below: 

The  payload  bay  doors  are  opened  and  thermal  radiators  activated 
approximately  01:15  mission  elapsed  cime  (MET).  Accomplishment  of  these 
two  sequences  is  critical  to  avoid  a  mission  abort  contingency  due  to 
Orbiter  payload  by  heating  constraints. 

The  crew  then  performs  an  IMU  alignment,  and  the  Orbiter  Ku-Band  antenna 
is  deployed  on  a  non-interference  basis  of  P80-1  for  potential  contingency 
operations.  The  Ku-band  system  will  nominally  remain  off  until  P80-1  is 
TBC  ft  away  from  the  Orbiter.  It  is  assumed  that  the  orbiter  is  now  in  an 
RCS  attitude  hold.  Therefore,  tracking  of  the  coherent  S-band  Doppler  via 
TDRS  generates  meaningful  orbit-determination  data  for  resetting  of  the 
PSO-1  onboard  clock.  Power  is  applied  to  P80-1  via  the  Orbiter  AFO  panel 
approximately  01. A8  MET.  A  TT&C  clock  reset  is  performed  at  01:50  MET. 

At  approximately  01:51  MET,  the  P80-1  predeplo3mient  checkout  is  initiated 
via  a  pass  over  TCS. 

A  final  "Go  for  deployment"  is  received  at  0d:d5  MET,  and  at  05:15  MET  the 
deployment  sequence  is  initiated.  Physical  separation  is  accomplished  at 
05:17  MET  with  separation  springs  providing  a  minimum  separation  velocity 
of  1.0  ft/,sec.  P80-1  enables  a  cold-gas  attitude  control  system  to  arrest 
any  satellite  tipoff  rates  during  deployment. 

Approximately  five  minutes  after  deployment,  the  Orbiter  performs  a 
separation  maneuver  (approximately  29  ft/sec)  to  provide  a  safe  separation 
distance  within  45  minutes  from  deployment. 

After  verification  of  the  separation  maneuver,  full  operational  control  of 
P80-1  is  assumed  by  the  AFSCF.  The  P80 -1  PIM  enable  is  sent  via  ground 
command  (NHS)  at  06:23  MET  for  a  perigee  bum  at  C6:43  MET.  .  At  06:35  MET 
the  Orbiter  maneuvers  to  a  preferred  orientation  to  minimize  particulate 
damage  to  the  Orbiter.'  Following  the  P80-1  perigee  burn,  the  Orbiter 
resumes  on-orbit  activities. 
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Figure  C18-6  Separation  Planes 


Figure  C18-7  Propulsion  Module  Perspective 
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Figure  C18-8  Propulsion  Module  Coraponent  Locations 
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Figure  C13-9  Propulsion  Module  Internal  Perspective 
Showing  Fluid  Systems  Components  and  Plumbing 
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Figure  C18-12  P80-1  Propulsion  Module  and  GN2  Reaction 
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Figure  Cl 8-1 3  Cold  Gas  System  Schematic 
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APPENDIX  Cl 9 

GALILEO  SPACECRAFT  AND  ULTSSES  SPACECRAFT 
C19.0  Incroduction 

The  following  data  were  extracted  from  the  National  STS  Program  Document 
"Space  Shuttle  Data  for  Planetary  Nisaion  Radioisotope  Thermoelectric 
Generator  (RIG)  Safety  Analysis,"  JSC  08116,  Feb  IS,  1985,  NASA,  L.B. 
Johnson  Space  Center,  Houston,  Texas  770S8. 

The  Galileo  and  Ulysses  spacecraft,  which  are  scheduled  to  be  flown  on  the 
Space  Transportation  System,  carry  Radioisotope  Thermoelectric  Generators 
(RTGs)  to  provide  el  ctrical  power  for  their  respective  planetary 
missions.  RTGs  posr  a  potentially  hasardous  condition  in  the  event  of  a 
catastrophic  explosion  of  the  vehicle  and  its  payload  (Centaur)  during 
applicable  phases  of  the  mission. 

The  mission  goal  is  to  obtain  more  detailed  scientific  data  on  Jupiter  and 
its  satellites.  To  obtain  such  data,  a  Jovian  Orbiter  and  a  Jovian 
atmospheric  probe  will  be  used,  both  being  parts  of  the  Galileo 
spacecraft.  The  overall  scientific  objectives  of  the  Galileo  mission  are 
to  conduct  comprehensive  investigations  of  the  Jupiter  planetary  system  by 
making  In  situ  and  remote  measurements  of  the  planet,  its  environment,  and 
its  satellites.  Close-up  study  of  the  planet  and  its  principal  satellites 
will  greatly  extend  our  knowledge  of  the  role  of  the  Jovian  system  in  the 
complex  and  analogous  relationships  existing  between  the  Sun  and  its 
planetary  system. 

C19.1  GALILEO  SPACECRAFT  GENERAL  DSSCRIFTION 


The  Galileo  spacecraft  (S/C)  consists  of  a  Jovian  Orbiter  and  an 
atmospheric  probe  and  weighs  over  2500  kg;  it  is  mounted  atop  a  Centaur 
upper  stage.  Figure  C19-1  shows  the  Galileo  Shuttle  launch 
configuration.  The  grosi:.  weight  of  the  vehicle,  with  a  maximum  65,000-lb 
payload,  is  nearly  4.5  million  lbs.  Figure  C19-2  depicts  the  S/C  in  its 
stowed  configuration;  Figure  C19-3  depicts  the  S/C  in  its  cruise 
configuration.  Separation  of  the  spacecraft  (S/C)  from  the  Centaur  occurs 
shortly  after  the  Centaur  bum,  which  lapels  the  S/C  from  Earth  orbit 
toward  Jupiter.  The  S/C  is  controlled  by  the  Orbiter  duri.ng  che  cruise  to 
Jupiter.  During  this  cruise,  both  status  telemetry  and  occasional  probe 
checkouts  are  powered  by  the  Orbiter.  The  probe  and  Orbiter  remain  an 
integral  unit  until  about  five  months  before  arrival  at  Jupiter,  when  the 
probe  begins  to  operate  on  its  own  internal  power  just  prior  to  separating 
from  the  Orbiter. 

C19.2  ULYSSES  GENERAL  DESCRIPTION 

The  Ulyvsses  (ULS)  mission  is  a  joint  effort  by  European  Space  Agency  (ESA) 
and  NASA.  The  European  contribution  to  the  ULS  consists  of  the  provision 
and  operation  of  the  spacecraft  and  about  half  of  the  experiments.  NASA 
will  be  responsible  for  providing  the  launch  by  the  STS/Centaur,  the 
remaining  experiments  along  with  the  RTG,  and  mission  support  using  the 
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DSN.  The  primary  acientlfic  objectives  of  the  ULS  are  to  Investigate,  as 
a  function  of  solar  latitude,  the  properties  of  the  solar  corona,  the 
solar  wind,  the  structure  of  the  sun-wind  interaction,  the  heliospheric 
magnetic  field,  solar  and  non-solar  cosmic  rays,  solar  radio  bursts  and 
plasma  waves,  and  the  interstellar/interplanetary  neutral  gas  and  dust. 
Secondary  science  objectives  of  the  mission  include  interplanetary  physics 
during  the  initial  Earth-Jupiter  or  ecliptic  phase  and  measurements  of  the 
Jovian  magnetosphere  during  the  Jupiter  flyby  phase. 

Although  the  original  ULS  plans  included  both  a  European  and  a  NASA 
spacecraft,  subsequent  cancellation  of  the  latter  has  left  the  European 
entry  as  the  i<Qle  surviving  spacecraft.  This  spacecraft  is  illustrated  in 
Figure  C19-4. 

Prominent  characteristics  of  the  spin-stabilized  spacecraft  are  the  large 
diameter  (1.63  m)  parabolic  High  Gain  Antenna  (HCA)  :n  top  of  the 
spacecraft,  the  RTG,  the  5.S-meter  radial  boom  that  provides  an 
appropriate  environment  in  terms  of  electromagnetic  cleanliness  for 
certain  experiments,  and  the  7.S-meter-long  axial  boom.  The  body  of  the 
spacecraft  contains  all  of  the  subsystems  and  science  instruments  with  the 
exception  of  those  experiment  sensors  mounted  on  the  S.S-meter  boom.  All 
internally  mounted  units  are  carried  on  a  honeycomb  center  panel  that  also 
supports  the  hydrazine  fuel  tank.  In  general,  the  experiments  that  are 
more  sensitive  to  nuclear  radiation  are  mounted  on  the  portion  of  the 
spacecraft  farthest  from  the  RTG,  while  the  less  sensitive  subsystems  are 
nearer  to  it. 

Mass  properties  and  balance  of  the  spacecraft  have  been  a  driver  in  the 
design.  Requirements  on  the  launch  configuration  and  for  the  HGA  pointing 
are  met.  The  spin  axis  of  the  launch  configuration  is  the  geometric 
centerline  Z-axis  of  the  spacecraft.  The  electrical  axis  of  the  HGA  will 
be  aligned  with  the  theoretical  orbital  spin  axis.  The  tilt  angle  of  the 
principal  axis  with  maximum  inertia  has  been  minimized  (0.10  degrees  half 
cone).  In  order  to  ensure  quasi-omnidirectional  coverage  for  at  least 
near-Earth  operations,  two  low-gain  antennae  (LGA)  have  been  chosen  to 
complement  the  HGA. 

C19.3  GALILEO  SYSTEMS  DESCRIPTIONS.  HAZARDOUS  MATERIALS.  SCHEMATICS 

The  design  of  the  Galileo  Orbiter  is  based  on  experience  gained  with 
several  previous  satellite  and  planetary  spacecraft  programs.  Table  C19-1 
presents  the  Orbiter  subsystem  design  base. 
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Table  C19-1  Orbiter  Subsyscem  Design  Base 


1 

Subsystem 

Design  Base 

Engineering 

Structures 

Mariner /Voyager /New 

Antennas 

Voyager/TDRSS 

Radio  Frequency 

Voyager 

Modulation/Demodulation 

Voyager 

Power/Pyrotechnics 

Voyager/Modif ied  Viking 

Control  and  Data 

New/Voyager 

Attitude  Control 

New/Modified  Voyager 

Propulsion 

Symphonie 

Temperature  Control 

Voyager 

Data  Storage 

IRAS 

Mechanical  Devices 

New/Voyager 

Science 

Payload 

Voyager/Maiiner  Venus 

Mercury /Helio/New 

C19.3J. 


Galileo  Description 


The  Galileo  OrbiCer  (Fig.  C19-3)  is  a  dual-spin  spacecraft.  Part  of  the 
sp'scecraft  will  be  three-axis  stabilized  to  provide  a  steady  base  for  the 
remote-sensing  instruments.  These  instruments  must  be  precisely  pointed. 
The  despun  section  carries  its  related  electronics.  The  main  portion  of 
the  Orbiter  will  spin  at  three  revolutions  per  minute  to  provide  stability 
and  to  allow  its  instruments  to  continuously  sweep  the  sky  to  make  their 
measurements.  The  spun  section  contains  both  the  high-  and  low-gain 
antennas,  the  RPM  for  all  propulsive  and  attitude  maneuvers,  the  nuclear 
power  sources,  most  of  the  electronics,  most  of  the  coinnand  and  data 
equipment,  and  the  fields  and  particles  science  instruments. 

The  RPM  is  being  built  by  Messerschmitt-Bolkow-Blohm  GmbH  near  Munich, 
Federal  Republic  of  Germany,  and  is  managed  by  Deutsche 

Forschungsund-Versuchsanstalt  fur  Luft-und  Raumfahrt  e.V  (DFVLR),  a  German 
research  agency  under  the  aegis  of  the  German  Ministry  for  Research  and 
Technology.  The  RPM  has  one  400-newton  engine  and  two  clusters  of 
10-newton  thrusters  that  are  tised  for  attitude  control  and  the  smaller 
propulsive  maneuvers.  Because  of  minimum  burn  size  and  total  wetted 
lifetime  constraints,  the  400-newton  engine  will  be  used  only  for  the 
deflection  maneuver  ;fter  probe  release,  orbit  insertion,  and  the  perijove 
raise  okaneuver.  Interplanetary  maneuvers  will  be  performed  using  the 
10-newton  thrusters. 

Galileo  will  use  a  4.8-meter-dlameter  (16-foot)  furl.  Mt  antenna  to 
communicate  with  Earth.  This  antenna  is  similar  to  the  one  developed  for 
NASA's  Tracking  and  Data  Relay  Satellites.  A  small  (1-meter)  relay 
antenna  will  ride  on  the  despun  portion  of  .the  Orbiter  to  receive  data 
from  the  probe  for  relay  to  Earth. 

Since  Jupiter  is  too  far  from  the  Sun  for  solar  cells  to  provide  enough 
electrical  power,  Galileo  will  use  radioisotope  thermoelectric  generators 
(RTGs)  similar  to  those  flown  on  the  two  Voyagers.  These  nuclear  power 
sources  are  developed  by  General  Electric  Company  for  the  U.S.  Department 
of  Energy. 

The  despun  section  of  the  Orbiter  carries  four  remote-sensing 
instruments:  a  solid-state  imaging  system,  a  near-infrared  mapping 
spectrometer,  a  photo-polarimeter  radiometer,  and  an  ultraviolet 
spectrometer.  They  are  mounted  on  a  scan  platform  attached  to  the  despun 
section.  Five  instrxunents — a  magnetoTieter ,  instruments  to  study  plasma, 
energetic  particles,  plasma  waves,  and  a  dust  detector — ride  the  spinning 
section  of  the  Orbiter,  most  of  the  instruments  mounted  on  a  single  boom. 
In  addition,  the  spacecraft  radio  is  used  to  perform  celestial  mechanics 
and  radio  wave  propagation  experiments.  The  purpose  of  each  of  the 
instruments  mentioned  is  given  in  Table  C19-2.  Seven  of  the  nine 
instruments  are  extremely  sensitive  to  contamination  and,  therefore,  have 
protective  covers  that  are  latched  during  launch.  Six  of  these 
instrxunents  use  bellows  actuators  for  unlatching  (the  star  scanner 


Table  CI9-2  Orblter  Science  Invescigeclcns 


Instrument  Name 

Objectives 

Remote  Sensing  Instruments 

Solid  Stage  Imaging  (SSI) 

Image  Jupiter  and  its 
satellites  for  studies  of 
atmospheric  dynamics  and 
physical  geology. 

Near  Infrared  Mapping 
Spectrometer  (NIMS) 

Study  mineralogy  of  satellite 
surfaces  and  morphology  and 
structure  of  Jovian  clouds. 

Photopolarimeter  Radiometer 
(PPR) 

Study  photometric  and  thermal 
properties  of  satellite  surfaces 
and  cloud  and  haze  properties 
in  Jovian  atmosphere. 

Ultraviolet  Spectrometer  (UVS) 

Study  composition  and  structure 
of  high  neutral  utmosphere  of 
Jupiter  and  Galilean  satellites. 

Fields  and  Particles  Instruments 

Magnetometer  (MAG) 

Study  magnetic  field  of  Jupiter 
and  search  for  magnetic  fields 
associated  with  the  satellites. 

Plasma  (PLS) 

Study  Jovian  plasma. 

Plasma  Wave  (PWS) 

Study  time-varying  electric  and 
magnetic  waves  in  the  Jovian 
plasma. 

Energetic  Particles  Detector 
(EPD) 

Measure  detailed  energy  and 
angular  distribution  of  protons, 
electrons,  and  ions. 

Dust  Detector  (DDS) 

Study  physical  and  dynamical 
properties  cf  small  dust 
particles  in  the  Jovian 
environment. 

Radio  Science  (RSS) 

Celestial  Mechanics 

Study  the  space  environment  and 
gravity  fields  of  Jupiter  and 
its  satellites. 

Radio  Propagation 

Study  structure  of  atmospheres 
of  Jupiter  and  satellites  by  use 
of  radio  signals  from  Orblter 
and  probe. 
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us«s  Che  same  concept),  while  the  seventh  uses  a  ''ax  pellet.  Although 
most  covers  give  Little  concern  in  case  of  premature  release,  they  are  all 
designed  to  be  two-fault  tolerant.  Single-watt  radioisotope  heater  units 
(RHU),  used  throughout  the  spacecraft  (105  total),  also  are  used  in 
several  of  the  instruments  (Fig.  C19-5).  The  energetic  particles  detector 
also  contains  several  small  radioisotope  calibration  sources,  the  only 
other  potential  hazard  that  the  instruments  might  impose  results  from  the 
use  of  high  voltages  in  four  of  the  instruments.  These  instruments  are 
not  operated  during  the  launch  phase. 

C19.3.2  OrMter  Communications  Subsystem 

Conmands  are  received  via  an  S-Band  transponder,  and  telemetry  is  returned 
to  Earth  using  either  a  10/30-watt  S-Band  Traveling  Wave  Tube  Amplifier 
(TWTA),  or  a  10/22-watt  X-Band  TWT.A.  The  S-Band  system  can  use  either  the 
Low-gain  antenna  or  the  high-gain  antenna,  while  the  X-Band  operates  only 
over  the  high  gain  antenna.  The  S-Band  transmitter  is  turned  on  after 
separation  from  the  Shuttle  orbiter.  During  the  Centaur  burn,  the 
high-gain  antenna's  4.8-meter  reflector  is  in  a  folded  condition, 
enveloping  the  high-gain  feed  system.  The  nonexplosive  initiators  (NED 
and  the  motor  required  for  release  of  the  i  'lector  are  controlled  by  the 
Orbiter  CDS  and  are  not  operated  until  after  the  Centaur  bum.  Both  the 
motor  and  the  NEI  are  designed  to  be  two-fault  tolerant  against  premature 
activation. 

C19.3.3  Command  and  Data  Subsystem  (CDS) 

The  CDS  is  an  active,  red  ndant  microprocessor-based  system  with  a  total 
of  176K  words  of  memory  that  uses  data  buses  for  interaction  with  other 
engineering  subsystems,  the  science  instruments,  and  the  probe  relay 
receivers.  Its  functions  are  uplink  comm.snd  processing,  sequence  control, 
fault  protection,  downlink  data  collection  and  formatting,  and  onboard 
intercommunications,  i.e.,  movement  of  data  between  subsystems. 

C19.3.4  Attitude  and  Articulation  Control  Subsystem  (AACS) 

The  AACS  is  the  other  major  Galileo  Orbiter  subsystem  that  is 
computer-controlled  and  contains  redundant  31K,  L6-bit  words  in  Random 
Access  Memory  (RAM),  and  IK  in  Read-Only  Memory  (RON).  Its  functions  are 
pointing  the  S/C  for  Earth  communications,  controlling  trajectory 
correction  maneuvers  and  pointing  for  probe  release;  pointing  the 
instruments  mounted  on  the  scan  platform;  spin  rate  control  of  spun 
section  and  clocking  of  despun  section  containing  the  scan  platform  and 
the  probe  relay  antenna;  and  thruster  firings.  The  AACS  receives  commands 
and  program  updates  from  the  ground  via  the  CDS  and  receives  commands 
directly  from  CDS  programs.  It  uses  inputs  from  gyros,  accelerometers, 
star  scanner,  Sun  acquisition  sensor,  spin  bearing,  and  scan  actuators 
position  encoders  for  control. 

Propulsion  control  consists  of  latching  isovalve  control,  drive  signals  to 
the  400-N  main  engine  and  to  the  12  10-N  thrusters,  and  heaters  on  the  two 
thruster  clusters.  No  pyro  valves  are  controlled  by  the  AACS. 
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The  subsystem  operates  in  five  different  aiodes«  including  the  launch  modet 
with  mode  selection  by  CDS' command.  Dtirlng  the  launch  mode,  all 
propulsion  and  control  drive  signals  are  inhibited  by  software,  and  only 
monitoring  and  fault  protection  functions  are  active.  Transition  to  the 
next,  or  deployment,  mode  does  not  occur  until  about  33  minutes  after 
separation  from  the  Shuttle.  The  primary  function  here  is  the  RPM  vent 
sequence,  during  which  COS  commands  AACS  to  open  all  latching  isolation 
valves  and  thruster  valves  in  order  to  bleed  the  RPM  fuel  and  oxidizer 
lines. 

C19.3.S  Power  Subsystem 

The  Galileo  Orblter  power  source  is  a  two-component  Si-Ge  380-w«tt  general 
purpose  heat  source  (GPHS)  RTG  that  provides  30  Vdc  to  all  subsystems. 

The  two  RTGs  (290W  each),  in  which  heat  from  the  radioisotope  fuel 
(plutonium-238  oxide)  is  converted  to  electricity  by  silicon-germanium 
thermoelectric  converters,  are  located  on  the  spun  portion  of  the 
Orbiter.  The  RTGs  are  connected  in  parallel  and  isolated  via  diodes.  The 
30  Vdc  is  maintained  via  a  shunt  regulator,  which  dissipates  excess  RTG 
power  in  shunt  heaters  located  near  the  RPM  propellant  tanks.  The  Orbiter 
also  uses  2.4  kHz  ac  generated  from  the  dc  bus.  During  cruise,  RTG  power 
is  routed  to  the  probe  for  telemetry  and  checkout. 

The  RTGs  are  installed  after  the  S/C  is  in  the  cargo  bay,  and  power  is  on 
from  then  on.  An  RTG  shorting  function  is  implemented  automatically  in 
parallel  with  the  Centaur  prope’  nt  dtuop  in  the  event  of  ai.  abort.  This 
function  will  shunt  RTG  power  out  of  the  S/C  and  thereby  provide  extra 
thermal  margin  on  the  propellant  tanks  during  or  after  an  abort.  No 
post-abort  spacecraft  hazard  exists  after  the  Shuttle  Orbiter  is  connected 
to  ground  purge  of  the  cargo  bay  with  cooled  air.  While  the  RTS  is  in  the 
cargo  bay,  water  cooling  is  provided  by  the  STS  auxiliary  cooling  system. 
These  cooling  lines  are  purged  just  prior  to  payload  release  from  the 
cargo  bay.  They  are  routed  to  the  S/C  via  the  Centaur,  so  separation 
occurs  at  cargo  separation  from  the  Shuttle  Orbiter. 

The  activation  of  the  RTG  pressure  release  devices  is  controlled  by  a 
sequence  initiated  at  the  STS-Centaur  separation  event.  The  Centaur, 
using  the  appropriate  timer,  also  removes  the  pyro  short-and-arm  inhibits. 

Power  to  all  subsystems  is  provided  via  latching  relays  that  are 
controlled  by  the  CDS.  A  second  set  of  relays  provides  additional 
safeguards  for  pyro,  RF  transmitters,  HGA  deployment  motors  and  probe 
power  on,  and  instrument  cover  releases. 


A  power  •uom^y  with  RIG  CApebillty  requlrtimntt  Is  provided  In  IsbLe 
C19-3. 


Table  C19-3  Orbiber  Power  Sunmary,  Watts 


Mission  Event 

Power  Required* 

Launch 

409 

Jupiter  orbit  insertion 

495 

Orbital  cruise 

496 

Jupiter  occultation 

460 

Satellite  encounter 

473 

RTG  capability  requirements 

At  Beginning  of  Mission . 

At  End  of  Standard  Mission 

(37,000  hours  or  4.2  years). 

At  End  of  Backup  Mission 

(50,000  hours  or  6.3  years). 

*P8r  Galileo  Quarterly  Power  Report  No.  27,  August  15,  1984 
C19.3.6  pyrotechnic  Subsystem 

Two  pyro  units  (one  spun  and  one  despun)  provide  the  energy  necessary  to 
fire  all  S/C  electro-explosive  devices  and  nonexplosivc  initiators.  Each 
unit  employs  capacitor  banks  for  energy  storage  and  silicon  controlled 
recitifiers  (SCRs)  for  pyro  initiation.  The  capacitor  banks  are  shorted 
and  unarmed  in  the  Shuttle  Orb iter.  Centaur  signals  from  two  of  three 
45-minute  timers  initiated  by  independent  STS-Centaur  breakwire  signals 
are  required  to  remove  the  capacitor  short  and  to  arm  the  pyro  switching 
units.  Power  to  the  pyro  switching  units  and  fire  counands  are  controlled 
by  the  CDS,  with  critical  functions  requiring  two  separate  coimeauds,  one 
to  enable  the  firing  circuit,  and  one  to  trigger  the  SCR.  Critical 
enables  for  probe  release  and  400-N  motor  firing  require  ground  cosnands 
to  actuate. 

NSIs  are  used  for  all  functions  except  Radioisotope  Thermoelectric 
Generator  Pressure  Release  Device  (RTG  PRD)  and  S-Band/X-Band  Antenna 
(SXA)  unlatch,  which  are  NEIs  and  subsystem  cover  deploy  functions,  which 
use  bellows  actuators. 
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C19.3.'  R«tropropul»lon  Module  (R?M) 

Th«  RPM  provides  til  of  the  propulsive  lasneuvars  of  the  spscecrsft 
occurring  after  Centaur  separation.  The  RPM  is  a  ntechanically  separable 
self-contained  module  integrated  as  a  load  carrying  part  of  the  spacecraft 
spin  section. 


The  RPM  is  a  bipropellant  pressure-fed  subsystem  using  the  hypergolic 
propellant  combination  of  MMH  and  a  mixture  of  N2O4  with  a  small 
fraction  of  nitric  oxide  added.  Its  four  propellant  tanks  have  a  maximum 
usable  capacity  of  935  kilograms.  The  unified  feed  system  supplies  e 
central  400-N  engine  for  the  large  deterministic  maneuvers  and  twelve  lO-N 
thrusters  for  ti.'ajectury  and  attitude  control. 

The  RPM  consists  of  the  following  main  elements: 


a.  Structure 

L.  Central  structure  (S/C  load-carrying  part) 

2.  Two  booms/cluster  housings  (for  mounting  of  six  lO-N 
thrusters  each) 

b.  Four  propellant  tanks 

c.  Two  pressurant  tanks 

d.  One  :»00-iM  engine  assembly  (mounted  on  S/C-provided  spin  bearing 
asrembly  (mounted  on  S/C-provlded  spin  bearing  assembly  with  an 
associated  support  structure) 

e.  Twelve  10-N  thrusters 

f.  Pressurisation  and  feed  system 

1.  Two  pressurant  control /propellant  isolation  assemblies 
(PCAs/PIAs)  on  two  opposite  equipment  panels  (part  of 
central  structure) 

2.  Tubing 

g.  Thermal  control 

1.  Boom/cluster  thermal  blankets  and  electrical  heaters 

2.  &00-N  engine  thermal  shield  and  electrical  heaters 

h.  Electrical  cabling 

1.  Pyro  cabling 

2.  Main  harness  (for  valve  control,  electrical  heaters,  and 
housekeeping) 


C19.3.8  Galileo  Jovian  Atmospheric  Entry  Probe 


The  baseline  Jovian  probe,  is  a  stage  vented  system  which  consists  of  a 
deceleration  module  and  descent  module.  The  deceleration  module  consists 
primarily  of  structure  and  heat  shields,  while  the  descent  module  contains 
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chr  acltnct  Inicruincnts,  prob*  alectronica  and  power  source  and  la  vented 
Co  Che  Jovian  aconaphera.  Hughes  Aircraft  Company  waa  aelecced  aa  the 
probe  aource. 

The  general  appearance  and  dlMnaiona  of  Che  probe  are  shown  in  Figure 
CI9-6.  Figure  C19**7  displays  a  croaa-aaccion  of  the  probe  descent  module 
to  highlight  the  features  of  the  design  aa  it  has  evolved  to  dace.  The 
two-shelf  design  of  the  vented  descent  module  has  the  heavy  lithium 
battery  pack  on  the  front  of  the  forward  shelf  to  provide  both  a  stable 
location  of  tne  center-of-gravity  of  thn  probe  and  shielding  of  the 
instruments  located  between  the  two  shelves.  The  coamHinication  equipment 
is  located  on  the  rear  of  the  aft  shelf.  The  current  estimate  of  the 
probe  spacecraft  mass  by  major  subsystems  is  shown  in  Table  C19-4. 

A  parachute  is  used  to  separate  (stage)  the  descent  module  from  the 
deceleration  module  and  to  control  the  probe  descent  race  in  order  to 
provide  ample  time  for  science  measurements  (see  Fig.  C19-8).  In-situ 
science  measurements  will  be  made  before  and  during  high  speed  entry  and 
while  descending  through  the  atmosphere  to  a  depth  corresponding  to  at 
least  10  bars  of  pressure. 

Environmental  protection  will  be  provided  as  necessary  to  assure  the 
functioning  of  all  required  systems  until  a  pressure  level  of  at  least  10 
bars  is  reached.  A  battery  will  provide  probe  power  during  autonomous 
operation;  the  Orbicer  will  supply  probe  power  during  interplanetary 
cruise.  The  probe  science  data  will  be  transmitted  Co  the  Orbiter  for 
subsequent  transmission  Co  Earth. 

C19.3.9  Probe  Structure  Subsystem 

The  descent  module  structure  consists  of  a  mainshalf  of  aluminum  honeycomb 
27.3  inches  in  diasmter  and  2.0  inches  thick.  The  aft  compartment  is 
circular  with  titanium  honeycomb  panels  23  inches  in  diameter,  supported 
by  three  titanium  bipods.  The  areof airing  system  is  comprised  of  a 
titanium  for.«ard  dome  and  six  midfairing  panels.  The  forward  dome  is 
attached  to  the  downtumed  ring  flange  of  the  shelf  interface  ring.  There 
are  eight  penetrations  for  scientific  instrumentation,  five  sensors,  and 
three  atnaspheric  inlets.  For  thermal  protection,  multilayered  aluminised 
Kapton  insulation  blankets  are  used. 

The  deceleration  module  consists  of  the  aeroshell/heatshield,  aft  cover, 
and  parachute.  The  aeroshell  is  a  AS*  blunt  cone  with  a  A9. 3-inch 
diameter  and  an  8.7S-inch  nose  radius.  A  carbon  phenolic  heatshield  is 
bonded  to  the  aluminum  ring-stiffened  monocoque  structure.  An 
3. l-foot-diameter  conical  ribbon  main  parachute  made  of  daceon  is  deployed 
by  a  2. A  foot  diameter  pilot  chute,  which  is  mortar  ejectrd.  The  aft 
cover  provides  thermal  protection  with  a  phenolic  nylon  shield. 
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Table  C19-A  Probe  Spacecraft  Maaa  Eacimate* 


Syatcm/SubayaCeni/Iteffl 


Maaa,  kg 


Probe  Syatem 


«L 


Descent  Module 


Science  Inatrumenta 


Engineering  Subsyacema 
SubTotal 


Deceleration  Module 


Sub»Total 


Contingency 

Total  Probe  Launch  and  Entry  Maaa 

Radio  Relay  Hardware  (Orbiter- 
Mounted) 

Probe-to-Orbiter  Adapter 
( Orb i te  r  MMoun ted ) 

SubTotal 

Contingency 

Total  RRH  *  Probe  Adapter  Allocation 


*Per  Galileo  Quarterly  Near  Report  26,  Auguat  15,  198A 
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Th«  Adaptar  ittAnbLy  ii  iMd*  up  of  ch«  h«rdw«rt  that  provldts 
OMChAnlcal  Inctrfaco  b«tw«tn  th«  prob*  «nd  ch«  OrblCtr.  Tht  priMry 
tltmtoM  are  ehr«A  citAnium  bipods,  SAch  hAving  a  fstsAls  sbaar  cont  on  cho 
probA  incsrfAco  tids  And  two  cIavIsas  on  tbs  Orbitsr  sido.  Each  fAmal* 
shtar  cons  IncarfACAS  with  a  carbon  phenolic  cons  on  tht  probt,  and  tht 
conts  art  htid  togtthtr  by  an  txploaivt  nut  and  bolt.  Tht  cltviats  on  tht 
Orbictr  tide  inctrfact  with  tangs  on  tht  Orbittr  scructurt,  and  a  bolt  is 
installtd  in  tach  fitting  to  conplatt  tht  tit. 

Each  bipod  is  dtsigntd  with  provisions  for  accoHsodating  tht  txploaivt  nut 
and  atparation  springs.  Furthtrsiora,  two  of  tht  bipods  also  hold  tht 
rtdundant  atparation  switchts  that  indicatt  whtn  tht  probt  is  stparattd. 
Tht  bipod  ntartat  tht  main  umbilical  hamtss  also  has  provisions  for 
supporting  tht  cable  cutttr. 

C19.3.10  Probt  Communications  Subsysttm 

Tht  conmunicationa  ayattm  it  a  rtdundant  systtm  of  two  solid-ttata  powtr 
amplifitrs,  tach  providing  23-watt  modulattd  outputs  of  1387.0  and  1387.1 
MBs.  Tht  RF  carritrt  art  gtntrattd  by  t«»o  txcittr  drivtrs,  a  stablt 
oscillator,  and  a  ttmptraturt-comptnaattd  crystal  oscillator.  Tht  two 
channtla,  which  transmit  ntarly  rtdundant  ttltmttry  information  from  tht 
data  comnand  proctssor  unit,  art  radiattd  from  a  crosstd  dipolt  cup 
anttnna.  Tht  signals  art  tach  frtqutncy  multiplitd  to  RF  and  biphast 
modulattd  by  tht  txcittrs  amplifitd  by  tht  tranamitttr,  which  in  turn 
drivts  tht  anttnna.  Whtn  tht  probt  is  attachtd  to  tht  Orbittr,  it  is 
chtcktd  out  via  a  hardwirt  from  tht  txcittrs  to  tht  rtctivtr  input.  While 
tht  probt  is  attachtd  to  tht  Orbittr,  tht  transmitttr  is  inhibited  from 
turning  on. 

C19.3.11  Probt  Pyrotechnic  Subsystem 

Eight  pyrotechnic  functions  art  controlled  by  tht  probt  through  tht  pyro 
control  unit  (PCU).  This  unit  contains  three  arm  relays  that  provide 
strict-parallel  redundancy  for  connecting  tht  main  battery  (Li/S02)  to 
tht  pyro  bus,  which  fires  tht  thermal  battery  and  the  neutral  mass 
spectrometer  squibs.  Each  thermal  battery  squib  is  fired  from  a 
series-redundant  pair  of  current-limiting  squib  drivtrs.  Tht  firing 
circuit  for  the  neutral  mass  spectrometer  functions  is  within  tht 
instrument,  and  the  PCU  merely  provides  a  voltage  source.  Once  tht 
thermal  batteries  are  initiated,  tht  PCU  has  ten  seconds  to  fire  the 
squibs  for  tht  following  functions  in  tht  order  listed: 

1.  Deploy  pilot  parachute  (mortar) 

2.  Separate  cable  to  aft  cover  (cable  cutter) 

3.  Release  aft  cover  (separation  nuts) 

U.  Separate  cable  to  aeroshell  (cable  cutter) 

5.  Release  aeroshell  (separation  nuts) 

6.  Deploy  nephelometer  optical  unit  sensor  (pin  puller) 


C19-12 


Th«  squib  flrlnf  circuits  in  this  portion  of  tht  PCU  art  similar.  Each 
squib  is  firsd  throufh  tvo  strias-radundant  currant-limiting  squib 
drivars.  Tha  tharmal  battary  outputs  ara  not  cross-strappad,  pravanting 
any  short  from  pulling  down  both  tharmal  battary  modulas.  Hanca,  this  is 
a  biock-rtdundant  squib  firing  systam  for  all  staging  avants  and 
naphaloMtar  sansor  daploymant, 

C19.3.12  Proba  Elactrical  Powar  Subsystam 

Tha  Calilao  proba  alactrical  powar  subsystam  usas  a  lithium-sulfur  dioxide 
(Li/S02)  battary  as  its  anargy  sourca.  Tha  battary  is  comprised  of 
three  idant.lcal  modules ,  each  stodula  containing  13  sarias-connactad 
Li/S02  D-sisa  calls  and  bypass  diodas  for  each  call.  Should  any  call 
develop  an  open,  tha  bypass  diode  will  permit  the  continued  usa  of  the 
module,  albeit  at  a  reduced  voltage.  The  bypass  diode  prevents  reverse 
currant  flow  in  tha  calls  that  discharge  first  in  any  given  string.  The 
batteries  are  also  relay  isolated  in  series  with  tha  diodas.  Tha  battary 
provides  nominal  33.8  volts  to  38. CS  volts  during  tha  mission. 

Tha  Galileo  proba  tharmal  battary  is  a  primary  battary  comprised  of  two 
14-cell  stacks  wired  in  parallel.  It  is  a  molten-salt  electrochemical 
device  using  calcium/calcium  chromate  tharmal  cells.  Tha  tharmal  battery 
is  a  completely  inert  device  (no  voltage  potential)  until  tha  internally 
contained  squibs  ara  initiated.  Firing  one  or  both  squibs  will 
imamdiataly  ignite  tha  internal  heat  paper  (sirconium-barium  chromate) 
and,  within  one  second,  tha  battary  will  be  at  full  potential 
(approximately  39  volts).  Tha  initiators  are  1-amp/l-watt  no-fire,  3-amp 
all-fire  squibs  qualified  to  military  specification  MIL-I-236S9C. 

C19.3.13  Safety  Desisn  Features 

The  most  significant  of  the  Galileo  design  features  implemented  to  meat 
the  STS  safety  requirements  are  described  in  tha  following  subsections. 
Specific  safety  features  of  the  probe  are  not  emphasised  except  with 
regard  to  the  probe  interface  with  the  Orbiter. 

C19.3.13.1  Electrical  Inhibits  -  One  of  tha  key  spacecraft  design  features 
driven  by  the  STS  safety  requirements  is  the  two-fault  tolerant-electrical 
Inhibit  schema.  The  purpose  of  the  inhibit  scheme  is  to  prevent  premature 
activation  of  spacecraft  events  potentially  catastrophic  to  tha  STS.  It 
is  implemented  by  placing  three  independent  electrically  controlled 
inhibits  in  series  between  the  power  source  and  tha  spacecraft  event  in 
question. 

The  safety  inhibits  are  Implemented  in  the  following  four  areas  of  the 
spacecraft  design: 

a.  Spun  pyrotechnic  used  to  unlatch  the  magnetometer  boom,  HGA,  and 
science  instrument  covers  and  to  actuate  pyro  valves  for  RPM 
pressurisation. 


b.  Despun  p;'L*ocechnic  u«ed  to  unlatch  RIG  and  science  booms,  scan 
platform,  despun  electronics,  and  science  instrument  covers  and  to  fire 
the  spacecraf t-Centaur  separation  and  the  probe  release  devices. 

c.  Probe  pover  used  to  enable  firing  of  the  probe  pyrotechnic  devices 
(including  the  probe  parachute). 

0.  Protected  power  loads  consisting  of  the  RF  S-Band  exciters,  the  HGA 
deployment  motors,  and  the  Energetic  Particle  Detector  (EFD). 

Figure  C19-9  shows  a  functional  block  diagram  of  the  two^fault  tolerant 
safety  inhibits  and  the  related  power  circuits.  Figure  C19-10  shows  an 
ox'erview  of  the  safety  inhibit  relays  and  their  interfaces  with  Centaur. 

The  purpose  of  the  electrical  inhibits  for  the  spun  and  despun 
pyrotechnics  is  to  protect  against  premature  actuation  of  spacecraft  pyro 
events,  e.g.,  boom  deployment,  RPM  pressurization,  cover  release,  etc. 

The  firing  energy  for  all  spacecraft-commanded  pyrotechnic  functions  is 
provided  by  two  pyro  switching  units  (PSU),  one  on  the  spun  and  one  on  the 
despun  section  of  the  spacecraft. 

Two  separate  CDS  commands  (power  distribution  and  pyro  fire)  are  needed  to 
activate  a  spacecraft  pyro  event,  plus  one  more  comnand  (pyro  enable)  for 
certain  mission-critical  pyro  events  (e.g.,  probe  release  and  ^lOO-nawtoi. 
engine  start). 

All  three  spacecraft  pyro  inhibits  will  remain  in  place  until  minutes 
after  separation  from  Shuttle.  At  this  time,  three  independent  Centaur 
timers,  initiated  by  separate  STS-Centaur  breakwire  signals,  will  remove 
two  of  the  Inhibits  (PSU  safe/arm  and  PSU  short/unshort),  using  a 
two-of-three  voting  scheme.  The  two-of-three  voting  is  implemented 
together  with  redundant  wiring  to  provide  single-fault  tolerance,  as 
required  by  Galileo  project  policy  for  mission  success.  About  10  minutes 
later,  at  Centaur  Main  Engine  cutoff  (MECO),  a  Centaur  discrete  signal 
will  initiate  a  stored  sequence  in  the  COS,  which  will  power  on  PSU  and 
start  the  spacecraft  boom  deployment  sequence. 

The  Centaur  PSU  arm  and  PSU  unshort  signals  will  also  remove  the  two  probe 
power  inhibits,  located  in  the  spacecraft  fuse  and  bleed  assembly  (FBA), 
and  the  two  protected  loads  inhibits,  located  in  the  spacecraft  memory 
power  subassembly  (MPS). 

The  purpose  of  probe  power  inhibits  is  to  ensure  two-fault  tolerance 
against  premature  power  turn-on  for  three  potentially  catastrophic 
spacecraft  loads: 

a.  S-Band  Exciter.  While  in  the  Shuttle  bay,  premature  turn-on  oi  !.n« 
S-Band  exciter  with  the  traveling  wave  tube  amplifier  (TWTA)  inadvert^  . 
powered  would  result  in  RF  radiation  potentially  hazardous  to  ^he  Shu- ■  . 
crew. 


b.  HGA  Deployment  Motors.  If  HGA  deployment  is  initiated  while  in  the 
Shuttle*  the  antenna  or  pieces  broken  from  it  may  become  lodged  in  the 
opening/cioeing  mechanisms  of  the  Shuttle  bay  doors.  As  a  resiilt*  the  bay 
doors  may  not  be  able  to  close  properly  for  reentry. 

c.  EPD  Instrtunent.  The  EPO  cover  is  released  by  actuation  of  a  wax 
pellet  commanded  by  CDS.  Power  to  the  wax  pellet  is  inhibited  when  EPD 
instrument  power  is  off.  If  EPD  is  powered  while  in  the  Shuttle  bay  and 
the  wax  pellet  is  inadvertently  actuated  by  CDS,  the  cover  may  break  loose 
and,  like  the  broken  antenna  pieces,  cause  the  Shuttle  bay  doors  to  jam. 

C19.3.13.2  RTG  Cooling  -  Spacecraft  electrical  power  is  provided  by  the 
two  radioisotope  thermoelectric  generators  (RTGs).  vn\ile  in  the  Shuttle, 
each  RTG  generates  22SW  of  electrical  power  and  radiates  almost  4200W  of 
thermal  energy.  To  prevent  overheating  of  the  Shuttle  while  on  the  launch 
pad  and  during  flight,  the  Shuttle  is  equipped  with  an  RTG  active  cooling 
system  (ACS)  to  cool  the  RTGs. 

The  RTG  ACS  is  a  water  coolant  system  capable  of  removing  85-90X  of  the 
thermal  energy  generated  by  the  RTGs  (up  to  15,000  Btu/hr/RTG).  The  RTG 
ACS  maximum  operating  pressure  is  about  85  psl,  and  the  nominal  flow  rate 
is  about  930  Ib/hr.  Figure  CI9-11  shows  a  schematic  of  the  RTG  cooling 
system. 

The  RTG  cooling  loop  is  filled  and  activated  following  installation  of  the 
RTGs,  about  five  days  before  lift-off.  At  lift-off  the  cooling  supply 
will  switch  from  ground  support  equipment  (GSE)  to  internal  Shuttle  supply 
using  the  Shuttle  flash  evaporators  which  will  be  fully  activated  within 
four  minutes  after  lift-off.  About  six  minutes  before  spacecraf t/Centaur 
separation  from  Shuttle,  the  ACS  cooling  pump  will  be  stopped  and  the 
cooling  lines  purged  with  dry  nitrogen. 

Two  pyro-activated  separation  devices  (one  for  each  RTG)  and  the  cooling 
lines  connecting  the  RTGs  to  the  ACS  are  cnounted  on  the  spacecraf t-to- 
Centaur  adapter.  The  separation  devices,  which  are  actuated  by  spacecraft 
pyrotechnics  before  spacecraft  separation  from  Centaur,  will  disconnect 
the  cooling  lines  at  the  RTGs. 

Failure  of  the  RTG  cooling  system  at  lift-off  will  not  by  itself  cause 
damage  to  the  Shuttle  or  require  the  use  of  STS  abort/emergency 
procedures.  Furthermore,  the  spacecraft  is  designed  to  accommodate  a 
worst-case  hot  abort  condition  with  loss  of  RTG  cooling  at  lift-off, 
without  causing  a  hazardous  situation  to  the  Shuttle  and  the  crew. 

C19.3.13.3  RTG  Shorting  -  One  of  the  most  significant  safety-related 
design  features  on  the  Galileo  spacecraft  is  the  ability  to  short  the  RTGs 
in  case  of  a  mission  abort  and  thereby  eliminate  power  to  all  spacecraft 
loads  except  CDS  and  AACS  memories.  This  ability  is  required  to  protect 
against  possible  overheating  and  rupture  of  the  RPM  propellant  tanks  for  a 
worst-case  hot  abort  condition. 
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Heating  of  the  RPM  tanks  Is  provided  by  a  30-Vdc  shunt  regulator  that 
regulates  the  spacecraft  power  and  dissipates  all  excess  power  into  a  set 
of  shut  heaters  mounted  near  the  RPM  propellant  tanks.  However,  in  case 
of  a  failure,  all  switchable  spacecraft  power  loads  can  be  turned  off. 

The  RPM  shunt  heaters  would  then  dissipate  about  300W  into  the  RPM. 

Thermal  analysis  for  a  worst-case  hot  abort  condition  shows  that  at  this 
(maximum)  rate  of  heating,  the  RPM  propellant  tanks  could  exceed  their 
rupture  temperature  of  62*C  (based  on  elastic  tank  model)  within  h8  hours 
after  touchdown.  RTG  shorting  was  incorporated  to  divert  all  power  from 
the  RPM  shunt  heater  in  case  of  an  abort,  thus  preventing  this  unsafe 
condition. 

The  RTG  shorting  function  is  provided  by  a  set  of  four  latching  relays 
located  in  the  MPS  and  actuated  by  Centaur.  RTG  shorting  will  be 
performed  by  the  Centaur  as  part  of  the  Centaur  abort  sequence,  which  also 
dumps  the  Centaur  propellant  load  overboard  the  Shuttle  in  case  of  an 
abort. 

To  ensure  that  post-landing  RPM  propellant  tank  temperature  will  remain 
below  62*C  indefinitely,  air-conditioned  purge  of  the  cargo  bay  after 
touchdown  is  required  at  all  primary  and  contingency  landing  sitos. 

For  nominal  operations,  STS  safety  requires  a  factor  of  safety  equal  to  or 
greater  than  1.5  for  the  RPM  propellants  tanks.  For  an  abort,  the  factor 
of  safety  is  required  to  remain  above  1.0.  The  RPM  tank  temperatures 
uorresronding  to  factors  of  safety  equal  to  1.0  and  1.5  are  about  62*C 
(elastic)/55*C  (rigid)  and  45*C,  respectively.  Under  nominal  launch 
conditions  the  RPM  tank  temperature  is  expected  to  be  between  20*C  and 
30*C. 

C19.3.13,4  Structural  -  All  structural  elements  of  the  Galileo  spacecraft 
are  designed  with  an  ultimate  factor  of  safety  greater  than  or  equal  to 
l.A,  as  required  by  STS  safety.  The  structural  loads  and  thermal 
environment  used  in  the  design  of  the  spacecraft  structure  represent 
worst-case  launch  and  abort  landing  conditions.  The  design  loads  are 
derived  from  simulated  Shuttle/Centaur  launch  and  landing  dynamics 
adjusted  at  some  frequencies  to  reflect  STS-2  flight  data.  The  design 
thermal  environment  reflects  a  worst-case  hot  abort  condition  with  loss  of 
RTG  cooling  at  lift-off  and  no  opening  of  the  paylqad  bay  doors. 

In  addition,  STS  safety  requires  that  all  fracture-critical  elements  are 
reviewed  specifically  to  prevent  structural  failures  due  to  crack 
formation  and  growth.  This  task  is  accomplished  through  an  extensive 
fracture  mechanics  and  stress  corrosion  cracking  review  process  involving 
all  structural  parts  of  the  spacecraft. 

C19.3.13.5  Flammability  -  STS  safety  requires  minimum  use  of  flammable 
materials.  Wherever  flammable  material  cannot  be  avoided,  spacing  from 
potential  ignition  sources  (e.g.,  electrical  wiring)  must  be  provided  to 
prevent  flame  propagation. 
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To  meet  thes«  requirements,  extensive  use  of  nonflammable  materials  has 
been  emphasized  in  the  spacecraft  design  process.  For  example,  almost  all 
electrical  wiring  is  insulated  with  Kapton,  which  is  considered 
nonflammable  (flash  temperature  is  about  90C*C).  In  a  very  few  cases, 
exclusively  within  the  RPM  and  the  probe,  Raychem-insulated  wires  (with  a 
lower  flash  temperature)  are  used  in  place  of  the  more  rigid  Kapton- 
insul-xted  wire  type.  The  Raychem-insulatrd  wires  are  either  not  powered 
while  in  STS  or  fused  and  current  limited  to  prevent  ignition  in  case  of  a 
short. 

In  general,  all  switchable  power  loads  on  the  spacecraft  are  turned  off 
while  in  the  Shuttle  unless  they  are  required  to  ensure  proper  functioning 
of  the  spacecraft,  e.g.,  to  maintain  thermal  control. 

C19.3.13.6  Nuclear  and  Electroitiagnetic  Radiation  -  Use  of  radioactive 
materials  is  limited  to  the  following  three  areas  of  the  spacecraft 
design:  radioisotope  thermoelectric  generators  (RTGs),  radioisotope 
heater  units  (RHUs),  and  radioisotope  calibration  targets.  Both  the  RHUs 
and  the  calibration  targets  are  vacuum  encapsulated  to  prevent  leakage, 
and  have  radiation  levels  not  hazardous  to  the  STS  crew.  The  total  number 
of  RHUs  is  105.  The  RHUs  are  used  in  place  of  electrical  heaters,  where 
applicable,  to  remain  within  spacecraft  electrical  power  constraints. 

The  only  major  radioactive  sources  are  the  RTGs.  Special  handling  and 
installation  procedures  have  bean  developed  for  the  RTGs  to  limit 
radiation  exposure. 

While  in  the  Shuttle  bay,  STS  safety  requires  that  electromagnetic 
radiation  from  spacecraft  RF  sources  does  net  exceed  certain  power 
levels.  The  two-fault>toIt.rant  electrical  inhibits,  which  preclude  power 
to  the  S-Band  exciters  accommodate  this  requirement  and  hence  ensure  crew 
safety. 

C19.4  ULYSSES  SPACECRAFT  SYSTEMS  DESCRIPTION.  HAZARDOUS.  MATERIALS. 
SCHEMATICS 


Although  the  original  plans  included  both  a  European  and  a  NASA 
spacecraft,  subsequent  cancellation  of  the  latter  has  left  the  European 
entry  as  the  sole  surviving  spacecraft.  This  spacecraft  is  illustrated  in 
Figure  C19-4. 

Prominent  characteristics  of  the  spin-stabilized  spacecraft  are  the 
large-diameter  (1.65m)  parabolic  high  gain  antenna  (HGA)  on  top  of  the 
spacecraft,  the  RTG,  the  5.5-meter  radial  boom  that  provides  an 
appropriate  environment  in  terms  of  electromagnetic  cleanliness  for 
certain  experiment:, ,  and  the  7.S-ffleter-long  axial  boom.  The  body  of  the 
spacecraft  contains  all  subsystems  and  science  instruments  with  the 
exception  of  these  experiment  sensors  mounted  on  the  5.S-meter  boom.  All 
of  the  internally  mounted  units  are  carried  on  a  honeycomb  center  panel 
that  also  supports  the  hydrazine  fuel  tank.  In  general,  the  experiments 
that  are  more  sensitive  to  nuclear  radiation  are  mounted  on  the  portion  of 
the  spacecraft  farthest  from  the  RTG,  while  the  less  sensitive  subsystems 
are  nearer  to  it. 
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Mali*  propartittt  and  balance  of  the  spacecraft  have  been  drivers  in  the 
design.  Requirements  on  the  launch  configuration  and  for  the  HGA  pointing 
are  met.  The  spin  axis  of  the  launch  configuration  is  the  geometric- 
centerline  Z-axls  of  the  spacecraft.  The  electrical  axis  of  the  HGA  will 
be  aligned  with  the  theoretical  orbital  spin  axis.  The  tilt  angle  of  the 
principal  axis  with  maximxim  inertia  has  been  minimised  (0.10  degrees  half 
cone).  In  order  to  ensure  quasi-omnidirectional  coverage  for  at  least 
near-Earth  operations,  two  low  gain  antennae  (LGA)  have  been  chosen  to 
complement  the  HGA. 

C19.4.1  Structure  Subsystems 

The  spacecraft  structure  is  a  box  structure  with  two  overhanging  balconies 
and  a  single  aluminum  honeycomb  platform.  Sidewalls  are  also  aluminum 
honeycomb  c'vered  externally  with  multilayer  insulation.  The  platform 
provides  sufficient  area  to  mount  all  electronic  units  of  the  scientific 
and  spacecraft  subsystems,  most  of  the  sensors,  and  the  propellant  tank. 

The  axial  boom  la  mounted  on  the  bottom  plate,  which  serves  as  a  thermal 
radiator.  The  redundant  TWTAs  are  also  mounted  on  the  bottom  on  a 
thermally  decoupled  bracket. 

Four  vertical  longerons  provide  the  box  cover  supports  and  the  interface 
attachment  points  to  the  adapter.  They  also  form  the  hoist  points  for 
hoisting  the  spacecraft. 

C19.4.2  Mechanism  Subsystem 

The  mechanism  subsystem  consists  of: 

a.  A  radial  boom  to  deploy  the  experiment  sensors  to  a  distance  from 
the  spacecraft  body  compatible  with  magnetic  and  radioactive  requirements; 
there  are  two  separated  holddown  points  for  support  of  the  boom  during 
launch.  Deployment  will  take  place  after  separation  from  the  Centaur  by 
activating  a  pyrotechnic  cable  cutter  at  each  position. 

b.  A  pair  of  radial  extending  wire  booms  to  form  a  dipole  for  the 
plasma  experiment;  they  are  stowed  during  all  launch  phases;  deployment 
will  occur  after  TCM-2. 

c.  An  axial  boom,  deployed  on  the  -z  axis,  to  fora  a  monopole  antenna 
for  the  plasma  experiment;  deployment  will  take  place  after  TCM-2. 

C19,d.3  Thermal  Subsystem 

Thermal  control  is  achieved  by  passive  means  and  the  operation,  by 
commands,  of  Internal /external  power  dump  system  and  heaters  applied  to 
individual  spacecraft  units,  such  as  reaction  control  elements  and  some 
experiments.  The  most  stringent  requirements  on  the  thermal  subsystem  are 
to  guarantee  at  all  times  a  temperature  above  S*C  for  the  hydrazine  in  the 
reaction  control  equipment  end  a  temperature  lower  than  3S*C  for  all 
solid-state  detectors  used  by  experiments. 
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All  Insulated  spacecraft  walls  are  covered  with  blankets  closely  fitting 
around  sensor  apertures,  and  all  units  external  to  the  spacecraft  are 
thennally  decoupled  from  the  interior.  Heat  rejection  is  performed  by  the 
-Z  radiator  panel,  where  the  TWTAs  are  located. 

The  thermal  blankets  consist  of  20  or  12  layers  of  aluminized  mylar  or 
Kapton;  the  outermost  layer  l.c  (Capton-coated  with  a  transparent  conductive 
coating  (TCC). 

C19.4.4  Power  Subsystem 

The  energy  source  is  an  RTG.  The  power  subsystem  conditions  this  power 
and  delivers  it  to  the  subsystems  and  experiments  at  28V,  plus  or  minus 
2X.  Regulation  is  achieved  by  an  active  shunt  regulator  with  linear  and 
fixed  Internal /external  dumpers.  Secondary  voltages  for  the  data  handling 
subsystem  and  the  Attitude  and  Orbit  Control  Subsystems  (AOCS)  are 
generated  by  DC/DC  converters  with  regulated  output  voltages.  The  power 
subsystem  distributes  the  power  through  parallel  redundant  main  switches 
to  the  experiments  and  through  latching  current  limiters  to  the  S/C 
subsystems.  The  main  switch  is  associated  with  an  over-current  protection 
that  provides  an  OFF  command  after  a  few  milliseconds  of  excess  current. 
Power  to  S-  and  X-Band  transmitters;  pyro  subsystem;  and  all  AOCS, 

Reaction  Control  Equipment  (RCE)  components,  and  axial  and  wire  booms  are 
inhibited  by  separation  switches  or  break  connectors  during  the  launch 
phase. 

C19.4.5  Pyro  Subsystem 

The  pyro  subsystem  provides  the  circuits  for  radial  boom  and  experiment 
cover  release.  There  are  a  total  of  10  redundant  firing  circuits.  The 
subsystem  is  inhibited  during  launch  by  the  separation  switch.  After 
separation  from  the  Centaur,  power  and  arming  of  the  subsystem  is 
perfomied  by  ground  commands. 

C19.^.6  Attitude  and  Orbital  Control  Subsystem 

The  primary  operational  functions  of  the  AOCS  are  to  maintain  the  S/C  spin 
axis  Earth-pointing  and  to  control  the  spin-rate.  Additional  operational 
functions  are  dictated  by  TCMS,  nutation  damping,  experiment-required 
measurements,  and  control  of  the  spin-rate  and  spin-phase  reference 
signals . 

The  main  components  are: 

a.  Attitude  measurement  units  consisting  of  redundant  X-beam  sun 
sensors  that  allow  measurement  of  spin-rate  and  solar  aspect  angle  in  the 
range  of  1.5  degrees  to  110  degrees  solar  aspect  angle;  meridian  sensors 
to  determine  the  spin-rate  in  the  range  of  90  degrees  to  150  degrees  solar 
aspect  angle;  and  a  CONSCAN  system  to  measure  the  angle  between  the  axis 
of  the  HGA  and  Earth. 
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b«  Control  slectronics  that  perform  closed-loop  control  via  CONSCAN, 
spin,  and  solar  aspect  angle.  Open  loop  maneuvers  can  also  be  executed  by 
ground  comnand. 

c.  'me  reaction  control  equipment  includes  a  single  hydrazine  bladder 
tank,  mounted  on  the  launch  center-of-gravity,  feeding  eight  two-newton 
catalytic  decomposition  thrusters  arranged  on  two  manifolds  and  isolated 
by  latch  valves. 

d.  Three  nutation  dampers  are  carried  for  reasons  of  redundancy.  The 
dampers  are  of  the  fluid-in-tube  type  and  are  mounted  with  the  damper  axis 
in  a  plane  normal  to  the  spin  axis. 

The  AOCS  power  is  inhibited  during  the  STS-flight  by  separation  switches 
until  separation  from  the  Centaur. 

C19.5  GALILEO  MISSION  SCENARIO 

The  mission  goal  is  to  obtain  more  detailed  scientific  data  on  Jupiter  and 
its  satellites.  To  obtain  such  data,  a  Jovian  Orbiter  and  a  Jovian 
atmospheric  probe  will  be  used,  both  being  parts  of  the  Galileo  spacecraft. 

The  overall  scientific  objectives  of  the  Galileo  mission  are  to  conduct 
comprehensive  investigations  of  the  Jupiter  planetary  system  by  making 
in-situ  and  remote  measurements  of  the  planet,  its  environment,  and  its 
satellites.  Investigations  of  the  Galilean  satellites  of  Jupiter  will 
constitute  a  major  objective  of  the  mis'iion.  Close-up  study  of  the  planet 
and  its  principal  satellites  will  greatly  extend  our  knowledge  of  the  role 
of  the  Jovian  system  in  the  complex  and  analogous  relationships  existing 
between  the  sun  and  its  planetary  system. 

The  Orbiter  mission  encompasses  an  equatorial  tour  of  the  planet  system 
and  multiple  encounters  with  the  satellites  Europe,  Ganymede,  and 
Callisto.  An  lo  encounter  is  possible  before  orbit  insertion.  The 
Orbiter  will  conduct  a  synoptic  study  of  the  Jovian  atmosphere,  determine 
the  distribution  and  stability  of  trapped  radiation,  and  define  the 
topology  and  dynamics  of  the  outer  magnetosphere,  oiagnetosheath,  and 
bowshock. 

The  probe  will  seek  to  determine  the  physical  structure  and  chemical 
composition  of  the  Jovian  atmosphere  to  a  pressure  depth  of  at  least  10 
bars,  the  location  and  structure  of  the  Jovian  clouds  in  the  troposhere, 
and  the  thermal  balance  of  the  planet.  It  also  will  characterize  the 
upper  atmosphere  and  the  nature  and  extent  of  the  cloud  particles. 

C19.5.1  Mission  Phases 

Figure  C19-12  shows  the  major  phases  of  the  Shuttle  missions  that  include 
RTGs  in  their  payloads.  At  T-45  hours  to  T-8  hours,  the  RTGs  are 
installed  on  the  payload  in  the  Orbiter  payload  bay.  This  presents 
certain  hazards  related  to  the  installation  and  the  ground  servicing 
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•quipiMnt.  From  T-8  hours  to  T-31  seconds  the  ET  and  the  Centaur 
propellant  tanka  are  filled  and  the  Centaur  leakage  test  is  performed.  At 
T-31  seconds,  the  STS  launch  sequence  becomes  automatic  and  controlled  by 
the  onboard  general  purpose  computers  (GPCs).  Problems  arising  with  the 
propellant  storage,  propulsion,  or  control  systems  during  the  period  of 
T-31  seconds  to  T-0  would  be  controlled  in  a  predetermined  manner. 
Depending  on  the  timing  and  the  event,  serious  failure  modes  are 
possible.  During  this  period,  the  SSMEs  are  Ignited,  the  S&Bs  are 
ignited,  the  final  ground  connections  are  broken,  and  the  launch  pad 
tiedowns  are  released.  Safe  mission  abort  is  possible  up  to  SRB  ignition 
and  the  release  of  the  tiedowns.  From  T-0  through  SRB  separation 
(first-stage  ascent),  the  following  critical  events  occur:  (1)  clearing 
the  launch  tower,  (2)  passing  the  max  (dynamic  pressure),  (3)  separating 
and  avoiding  the  SRBs  and  (4)  remaining  within  the  flight  termination 
boundary  as  specified  by  range  safety. 

The  second-stage  ascent  phase  is  from  SRB  separation  through  main  engine 
cut-off  (MECO).  The  critical  events  during  this  phase  are  heeding  range 
safety  boundaries  and  accomplishing  MECO.  Following  MECO,  the  ET  is 
separated  from  the  Orbiter,  thereby  engendering  the  critical  event  of 
possible  recontact.  The  OMS-1  and  OMS-2  burns  respectively  provide  the 
thrust  for  orbit  insertion  and  orbit  circularisation.  Each  cf  these 
creates  occasion  for  propellant  and  propulsion  hazardous  events.  The 
preparation  for  the  payload  deployment  involves  opening  the  payload  bay 
door  and  erecting  the  Centaur  to  launch  position.  The  Centaur,  with  its 
payload  containing  the  RTGs,  is  deployed  during  orbit  number  five.  A 
successful  deployment  from  the  Orbiter  terminates  the  NETS  responsibility 
for  Che  bozardous  event  of  releasing  nuclear  material  from  the  RTGs. 

C19.5.2  Launch  to  Jupiter  Arrival 

The  STS  launch  Initiating  the  Galileo  mission  is  illustrated  in  Figure 
C19-13.  The  Centaur  G-Prime  vehicle  will  be  used  to  boost  the  spacecraft 
from  the  low-altitude  Earth  orbit  attained  by  the  Shuttle.  Although 
direct  trajector'^s  to  Jupiter  in  1986  require  launch  energy  (C3)  in 
excess  of  8A  km^/s^,  broken  plane  trajectories  can  be  flown  with  lower 
values  of  C3  with  Che  spacecraft  supplying  additional  delta  V  to  change 
the  heliocentric  orbit  plane.  The  Centaur  will  accelerate  the  Galileo 
spacecraft  from  Che  Shuttle  deployment  orbit  (i.e.,  parking  orbit)  to  a 
C3  of  about  80  km-Zs^. 

Figure  C19-14  illustrates  the  time  of  the  opening  of  Che  launch  window  for 
each  launch  date  during  the  primary  launch  period  for  Galileo.  Curves  are 
shown  for  several  possible  C3's  (launch  energies).  The  baseline  launch 
energy  for  Galileo  is  80  kro^/s^;  however,  more  optimistic  estimates  of 
the  launch  energy  have  also  been  examined  to  provide  more  comprehensive 
data. 


CI9.3.3  StDT>tion  from  Shuctle  »nd  Ctnc*ur 

Galileo  launctf  mode  telemetry  will  be  available  in  near-real  time  via  the 
STS-TDRS  communications  link  llrom  liCt-off  to  Shuttle-Centaur  separation. 
Based  on  the  telemetry  data,  a  decision  to  continue  with  the  planned 
flight  to  Jupiter  must  be  made  by  launch  plus  approximately  6  hours  so 
that  the  Centaur  will  be  rotated;  a  second  decision  must  also  be  made  by 
Launch  plus  approximately  6.S  hours  so  that  the  Centaur  will  be  separated 
from  the  Shuttle.  If  a  "go”  decision's  made,  the  Shuttle-Centaur 
separation  should  occur  during  the  fifth  Shuttle  orbit,  at  about  6.73 
nours  after  l.tunch.  On  the  more  favorable  days  of  the  launch  period,  the 
separation  could  be  delayed  until  approximately  the  14th  orbit  without 
jeopardizing  the  objectives  of  the  Galileo  mission.  After  separation,  a 
Centaur  S-Band  link  can  be  used  to  route  data  between  the  spacecraft  and 
Shuttle  or  TDRS.  The  maximum  useful  range  of  the  Centaur-to-Shuttle  link 
is  10  kilometers. 

About  45  minutes  after  Shuttle-Centaur  separation,  the  Centaur  main  engine 
will  burn  for  approximately  10  minutes.  After  MECO,  the  Centaur  will 
initiate  a  slow  thermal  roll  of  0.1  rpm,  and  the  Galileo  spacecraft  will 
start  deployment  of  the  RTG  and  science  and  magnetometer  booms.  The 
spacecraft  transmitters  will  then  be  turned  on  to  provide  a  downlink 
through  the  deep  space  network  (DSN)  just  prior  to  Centaur-spacecraft 
separation.  Centaur  will  turn  the  spacecraft  to  point  9  degrees  to  the 
Earth  aide  of  the  Sun  and  will  spin-up  the  spacecraft  to  2.9  rpm.  The 
spacecraft  will  then  separate  from  Centaur,  which  will  maneuver  to  avoid 
the  same  trajectory  path  as  the  Galileo  spacec'^aft.  The  spacecraft 
transponder  will  now  be  the  only  means  of  exchanging  data  between  the 
Earth  and  the  spacecraft. 

Table  C19-5  briefly  describes  .‘•vents  for  the  Galileo  spacecraft  while 
on-orbit. 


Table  CI9-S  Galileo  Spacecraft  On-Orbit  Activities 


On-Orbit  Events  (Nominal  Time)* 


1  001:23:00  MET.  Open  payload  bay  doors. 

2  001:45:30  MET.  Send  Centaur  Discrete  Command  Set  A  to  start  S/C 
thermal  control  sequence.  The  'S/C  Thermal  Control  Seq'  will: 

Enable  selected  fault  protection  algorithms  for  temperature 
control. 

Turn  on  selected  heaters  to  maintain  thermal  control  and 
prevent  Instrument  contamination  after  cargo  bay  doors  open. 
Nominal  3-min-36-sec  duration. 

3  06:17:30  MET.  Activate  Deployment  Adapter  Rotation. 
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Tabit  CI9-5  GaIII^o  Sp^cacraft  On-OrblC  Accivltias  -  Concl 


On-Orblt  Eveata  (Nominal  Time)* 


A  06:19:00  MET.  Send  CTR  discrete  CMD  Set  B  to  start  S/C  PWR  sharing 
sequence.  The  'S/C  POWER  SHARING  SEQ*  will  turn  off  selected 
heaters  to  meet  RTG  power  constraints  as  the  RTG  coolant  pump  is 
turred  off  and  the  RTG  power  decreases.  (Nominal  14-sec  duration). 

5  06:29:00  MET.  JPL  Go/No-Go  for  separation. 

6  06:29:24  MET.  Stop  RTG  cooling  pump  and  start  purge  of  RTC  cooling 
lines.  RTG  power  output  will  decrease  to  a  minimum  within  '’0  min. 
After  that,  RTG  power  output  will  Increase  gradually. 

7  06:41:24  MET.  Fire  Super*Zip.  S/C-Centaur  payload  separates  from 
Shuttle  Orb iter. 

8  07:26:02  MET.  ARM  and  L'NSHORT  S/C  PSU  1  and  PSU  2.  The  two 

^dependent  safety  inhibits  (ARM  and  UNSHORT  PSU  142)  are  removed 
43  min  after  separation.  Centaur  Main  Engine  Is  also  enabled  at 
this  time. 

9  07:31:24  MET.  Centaur  tla^n  Engine  Start  (nominal  burn  of  9  min  36 
sec). 

10  07:41:10  MET.  Send  Centaur  Discrete  Command  Set  C  to  start  S/C 

deployment  Phase  1  Sequence  (nominal  24-fflin'-38-sec  duration). 

U  07:42:28  MET.  Deploy  RTG  &  Science  Pooms. 

12  07:49:10  MET.  Deploy  Mag  Boom. 

13  08:01:50  MET.  S-Band  TWTA  on. 

14  08:06:42  MET.  Centaur  turn  to  Sun  and  spin-up  tb  2.9  rpm. 

15  08:08:42  MFT.  Begin  acquisicion  S/0  DSN  S-Band  Downlinlc  (nominal). 

16  08:11:12  MET.  Send  Centaur  Discrete  Command  Set  D  to  start  S/C 

deployment  Phase  2  sequence. 

17  08:11:24  MET.  S/C-Centaur  s''?&ca'>.ior. 

18  08:36:28  MET.  Deploy  HGA. 

19  "08:36:28  MET.  Pressurize  RPM. 

20  09:05:16  MET.  S/C  back-up  Sun  acquisition. 

*  Reference:  For  details,  sec  JPL  PD  625-205,  GLL  3-120,  Launch  Sequence 
of  F.vents 
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C19.S.4  Poat-S«o*r*tlon  to  Jupittr  Arrtvl  -  IiOMdiAttly  afcar 
separation,  t  i  hlgh-gain  antenna  will  be  deployed  and  the  retropropulaion 
module  (RPM)  pressurised.  After  RPM  preaaurisation,  the  Galileo 
spaceoreft  will  perform  a  sur  acquisition  (approxiiaately  one  hour  after 
Centaur-spacecraK  separation). 

About  eight  months  after  launch,  the  spacecraft  propulsion  system  will 
Impart  a  delta  V  of  about  200  to  300  m/s  using  its  RPM  l0-^'  thrusters. 

The  purpose  of  this  maneuver  is  to  change  slightly  the  heliocentric 
inclination  so  that  the  spacecraft  will  intercept  Jupiter  at  the  desired 
arrival  date.  The  position  of  Jupiter  at  the  nominal  arrival  date  is 
about  one  degree  below  the  ecliptic.  Ballistic  trajectories  without  this 
plane  change  maneuver  require  large  heliocentric  inclinations  at  launch. 
The  plane  change  maneuver  thus  reduces  the  C3  significantly,  because  the 
spacecraft  trajectory  departing  the  Earth  lies  nearly  in  the  ecliptic. 

The  interplanetary  cruise  operations  activities  (e.g.,  cruise  science, 
navigation,  spacecraft  monitoring,  etc)  on  the  Earth-to-Jupiter  trajectory 
will  be  comparable  to  those  planned  for  the  previous  Galileo  missions. 

The  trajectory  must  be  targeted  for  a  Jupitar  arrival  no  earlier  chan 
Augtist  1988  in  order  to  satisfy  the  probe-to-Orbiter  relay  link  geumetry. 
Arrival  dates  between  mid-September  and  late  October  are  excluded  so  that 
probe  separation  does  not  occur  near  the  time  of  solar  conjunction. 
Therefore,  arrival  at  Jupiter  will  probably  occur  sometime  between  early 
August  and  mid-September. 

During  the  cruise  to  Jupiter,  Che  probe  will  be  in  a  non-energised 
condition  with  both  power  and  command  capability  inhibited  except  for 
periods  of  probed  checkout.  After  a  cruise  period  of  about  6 75  days,  and 
about  ISO  days  prior  to  arrival  at  Jupiter,  the  Orbiter  and  probe  will  be 
spu.1  up  to  10  rpm  and  the  probe  separated  from  the  Orbiter.  Except  for  a 
timer,  Che  probe  is  passive  during  the  ISO  day  coast  cowards  Jupiter.  The 
probe  is  targeted  to  a  daylight  entry  within  a  few  degrees  from  the 
equator.  At  an  altitude  of  450  km  above  1-bar  pressure,  it  will  have  a 
nominal  speed  of  leas  than  47.8  km/s  and  flight  path  angle  of  -8.6* 
relative  to  the  atmosphere.  Deceleration  from  this  point  to  sonic 
velocity  will  take  place  over  a  period  of  about  two  minutes,  during  which 
the  probe  will  experience  a  nominal  peak  deceleration  of  about  250g  and 
peak  heating  rates  approaching  500  Mw/m^.  At  approximately  Mach  1,  a 
pilot  parachute  will  be  deployed  by  a  mortar  whose  pyrotechnics  firing 
signal  is  derived  from  measurements  of  the  deceleration  profile.  Tne 
pilot  parachute,  in  turn,  will  remove  the  deceleration  module  aft  cover 
and  deploy  a  main  parachute.  The  main  parachute  then  will  saparato  the 
descent  module  from  the  deceleration  module  and  control  the  speed  of  the 
descent  module  throughout  Che  rest  of  the  mission.  Those  instruments  and 
subsystems  which  had  not  been  actuated  prior  Co  entry  will  be  turned  on  at 
Che  time  of  descent  module  separation.  Instrument  data  acquired  prior  to 
time  of  descent  module  separation  will  be  transmitted  Co  the  Orbiter 
together  with  data  acquired  during  the  remainder  of  the  descent  through 
the  atmosphere.  The  probe  is  designed  Co  operate  to  a  pressure  level  of 
at  least  10  bars. 
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C19.S.3  Abort  Qptrationi 


In  the  tvont  of  problems  incurred  while  on-orbit,  it  would  be  possible  to 
abort  the  Galileo  mission  and  still  return  with  the  spacocrart  in  the 
Shuttle  payload  bay.  Table  Cl';-*6  gives  an  overview  of  the  operations 
planned  for  after  landing  should  such  an  abort  be  necessaty. 

In  the  event  of  a  Centaur  main  engine  failure,  the  main  engine  will 
automatically  attempt  to  fire  a  second  time.  Should  the  second  attempt  to 
fire  fail,  the  Centaur  will  automatically  step  through  its  normal 
post-MECO  sequence  of  events  on  a  speeded-up  time  scale  so  that  the 
Galileo  spacecraft  will  separate  from  the  Centaur  in  the  event  of  a  main 
engine  failure. 

This  would  leave  the  Galileo  spacecraft  in  a  low  Earth  orbit,  the 
Shuttle's  l30-nn  parking  orbit,  with  a  low  lifetime  on  the  order  of  10  to 
20  days.  At  this  point,  Galileo  is  fully  loaded  with  propellant  that 
would  be  used  to  boost  the  spacecraft  into  a  higher,  longer-lifetinie 
orbit.  The  available  propellant  in  the  spacecraft  will  provide  a  delta  V 
of  approximately  1  km/s.  This  delta  V  will  allow  the  spacecraft  to 
achieve  a  circular  orbit  of  approximately  2000-km  altitude  which  has  a 
llfeciiiie  on  the  order  of  thousands  of  years.  This  maneuver  would  most 
likely  be  achieved  with  the  lO-Newton  thrusters  because  the  ^00-Newton 
engine  is  blocked  by  the  probe.  Two  sets  of  multiple  bums  would  be 
requirid:  the  first  set  to  achieve  an  elliptical  orbit  with  an  apogee  of 
approximately  2000  km  altitude  and  the  second  set  to  circularise  this 
orbit. 

C19.5.6  Jovian  System  Exploration 

About  150  days  after  separating  from  the  probe,  the  Orbiter  will  fire  its 
retro  engine,  thereby  entering  orbit  around  Jupiter.  Following  orbit 
insertion  and  the  perijove  raise  (PJR)  maneuver  necessary  to  reduce  the 
radiation  dose  the  Orbiter  will  receive,  a  series  of  close  encounters  with 
the  Galilean  satellites  will  be  targeted.  These  encounters  will  not  only 
permit  close-in  scientific  investigations,  they  will  also  provide  gravity 
assists  to  the  Orbiter,  providing  the  necessary  trajectory  shapi.'g 
required  to  reach  subsequent  satellites  in  the  tour.  The  remaining 
Orbiter  propulsive  capability  is  used  primarily  for  navigational  purposes. 

Multiple  encounters  with  the  same  satellite  over  the  duration  of  the 
satellite  tour  will  allow  exploration  of  both  equatorial  and  polar 
regions.  In  addition,  the  satellite  tour  will  allow  intensive  scientific 
measurements  of  Jupiter  and  its  magnetosphere.  The  nominal  mission  will 
end  20  months  after  orbit  insertion. 

C19.5.7  Asteroid  Encounter  Option 

NASA  is  considering  the  option  of  having  the  Galileo  spacecraft  encounter 
the  asteroid  Amphitrite  on  the  way  to  Jupiter.  If  a  trajectory  to  enable 
this  option  is  selected,  the  arrival  date  at  Jupiter  will  change  from 


Tablt  CI9-6  C«IiIeo  3p«c«cratc  Abort  Po«c-L«nding  Activicltts 


1 

Spacocraft  in  ShuttU  Bay  (doors  closed): 

• 

Verify  RTGs  condition  and  radiation  levels  around  Orb  iter 

bay. 

- 

Monitor  propulsion  condition  for  evidence  of 

leaks . 

- 

Monitor  temperature  and  humidity  levels  in  Orbiter  bay. 

Note:  S/C  can  be  without  air  conditioning  for 

about  30  hours. 

RTGs  are  shorted  in  abort  case. 

2 

Spacecraft  in  Shuttle: 

Inspect  S/C  for  evidence  of  physical  damage. 

- 

Safe  pyrotechnics  super-sip. 

- 

Remove  RTGs  and  place  in  shipping  container. 

- 

Move  RTG  to  a  storage  area  and  secure  away  from  all 

personnel. 

Note:  Capability  must  exist  to  remove  RTCs  (KSC  stands). 

3 

Centaur/Sp&cecraf t  removed  and  placed  on  Payload 
Handling  Stand: 

Special 

Vent  propulsion  helium  tanks 

- 

Initiate  science  purge  and  probe  cooling. 

- 

Safe  pyrotechnics  (Galileo  Orbiter). 

- 

Remove  spacecraft  from  Centaur  and  place  on 

transporter. 

- 

Remove  SXA  from  spacecraft. 

- 

Remove  lower  adapter  from  spacecraft. 

- 

Depressurise  and  defuel  RPM. 

- 

Make  preparations  to  transport  spacecraft  and  equipment. 

• 

Transport  to  KSC. 

AugusC  Co  Doctmbor  1988,  and  a  sLighc  changa  in  the  launch  geomecry  will 
Chtrofort  ba  raquirad.  Tha  launch  pariod  will  ba  up  co  cwo  ncura  lacar 
chan  tha  baaalina  tiinat. 

C19.S.S  Calllao  Mlsiion  Functiont 

Tha  aitaion  funcciona  of  cha  Calilao  Jovian  C-bicar  are  as  c'ollows: 

a.  Dalivar  cha  probe  Co  cha  daaignacad  ralaasa  pc^nc  naar  Jupiter  and 
relay  cha  probe  awasuramancs. 

1.  Provide  radio  relay  link/comnand/powar  functions  duL'ng  tha 
launch-Co-injacCion  phase. 

2.  Conduct  periodic  status  checks  (every  six  months)  of  cha  prob«. 
system  and  adjust  S/C  stcituda  whan  required  during  cruise  phase  (which  is 
about  660  days). 

3.  Perform  final  probe  check,  provide  required  pointing  or 
attitude  at  release,  and  release  tha  probe  approximately  ISO  to  100  days 
before  encounter. 

A.  Perform  a  deflection  maneuver  after  probe  release. 

5.  Configure  for  data  acquisition,  receive  probe  data  transmitted 
for  a  period  of  at  least  60  minutes,  simultaneously  store  and  retransmit 
data  in  real  time. 

6.  Playback  stored  data. 

b.  Accomplish  a  scientific  investigarlon  of  Jupiter,  its  satellites, 
and  its  environment. 


c.  Perform: 


1. 


2. 


3. 


A. 
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Trajectory  correction  maneuvers  (TCM) 

The  broken-plane  TCM 

Jupiter  orbit  insertion  (JOI) 

Orbit  trim  maneuvers 

Galileo  Jovian  Atmospheric  Entry  Probe 


The  probe  will  seek  to  determine  the  physical  structure  and  chemical 
composition  of  the  Jovian  atmosphere  to  a  pressure  depth  of  10  bars  or 
more,  the  composition  and  structure  of  the  Jovian  clouds  in  the 
troposphere,  and  the  thermal  balance  of  the  planet.  It  will  also 
determine  the  nature  of  the  ionosphere  and  upper  atmosphere  and  the 
trapped  radiation  near  the  planet.  The  probe  will  separate  from  the 
Orblter  about  ISO  to  100  days  before  entering  the  Jovian  atmosphere,  where 
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for  60  minutes  the  instruments  will  make  measurements  dovm  to  a  pressure 
of  about  10  Earth  atmospheres,  relaying  data  to  Earth  through  the  Orbiter 
communications  system. 

Before  separation  from  the  Orbiter,  the  probe  will  be  spinning  at  10  rpm 
in  order  to  achieve  stability.  It  will  be  released  with  an  attitude  for 
atmospheric  entry  at  nominally  zero  degrees  angle  of  attack  and  an  initial 
entry  angle  of  >8.5*  relative  to  the  atmosphere.  These  conditions  are  to 
assure  that  the  probe  will  be  aerodynamical ly  stable  during  entry  and 
descent . 

The  probe  science  payload  has  been  selected  to  satisfy  the  scientific 
objectives  of  determining  by  in-situ  measurements  the  physical  structure 
and  chemical  composition  of  the  atmosphere,  the  composition  and  location 
of  the  clouds  in  the  troposphere,  and  the  thermal  balance  of  the  planet. 
The  basic  complement  of  atmospheric-dedicated  probe  instruments  was 
augmented  by  supplementary  pre-entry  science  instruments  to  determine  the 
nature  of  the  ionosphere,  upper  atmosphere,  and  the  trapped  radiation  near 
the  planet. 

The  scientific  payload  consists  of  six  scientific  instruments  with  a 
combined  weight  of  6^  lb  and  a  volume  of  1715  in^.  These  instruments 
require  72  watts  of  electrical  power  and  a  total  of  six  serialdigital ,  six 
analog,  and  eight  bilevel  telemetry  channels.  A  total  of  35  discrete 
commands  from  the  sequence  programmer  and  35  discrete  comniands  and  one 
quantitative  command  from  the  Orbiter  (for  checkout  during  transit  via  the 
probe  data/command  processor)  are  provided  for  the  instruments.  Of  the 
six  instruments,  three  have  sensors  mounted  external  to  the  descent 
module,  and  three  have  inlets  to  admit  atmospheric  samples.  The  purpose 
of  each  instrument  is  given  in  Table  C19-7. 

C19.6  ULYSSES  MISSION  SCENARIO 

The  Ulysses  (ULS)  mission  is  a  joint  effort  by  European  Space  Agency  (ESA) 
and  NASA.  The  European  contribution  to  the  ILS  consists  of  the  provision 
and  operation  of  the  spacecraft  and  about  half  of  the  experiments.  .NASA 
will  be  responsible  for  providing  the  launch  by  the  STS/Centaur,  the 
remaining  experiments  along  with  the  RTG,  and  mission  support  using  the 
DSN,  The  primary  scientific  objectives  of  the  ULS  are  to  investigate,  as 
a  function  of  solar  latitude,  the  properties  of  the  solar  corona,  the 
solar  wind,  the  structure  of  the  sun-wind  interaction,  the  heliospheric 
magnetic  field,  solar  and  non-solar  cosmic  rays,  solar  radio  bursts  and 
plasma  waves,  and  the  interstellar/interplanetary  neutral  gas  and  dust. 
Secondary  science  objectives  of  the  mission  include  interplanetary  physics 
during  the  initial  Ear*^'!  Jupiter  or  ecliptic  phase  and  measurements  of  the 
Jovian  magnetosphere  dur-ing  the  Jupiter  flyby  phase. 

More  specifically,  the  primary  scientific  objectives  are  to  perform 
investigations  as  a  function  of  solar  latitude  of  the  following: 

a.  The  physics  of  the  inner  and  outer  corona  of  the  sun. 
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b.  The  origin  and  acceleration  of  the  solar  wind. 

c.  The  internal  dynamics  of  the  solar  wind,  of  waves  of  shock,  and  of 

ocher  discontinuities. 

d.  The  propagation  and  acceleration  of  energetic  particles. 

e.  Source  locations  of  solar  radio  and  x-ray  bursts. 

f.  The  acceleration,  transport,  and  storage  of  energetic  particles  in 
the  solar  atmosphere. 

g.  The  energy  spectra,  composition,  and  anisotropies  of  galactic 
cosmic  rays. 

h.  Source  locations  of  interstellar  gamma  rays. 

1.  The  neutral  component  of  interstellar  gas/solar  wind  interaction. 

Table  C19-7  Probe  Science  Investigations 


Instrument  Name 

Obiectives 

Atmospheric  Structure 

Instrument  (ASI) 

Determine  state  properties  (tempera¬ 
ture,  pressure,  density,  and  mole¬ 
cular  weight (  of  Jovian  atmosphere 

Neutral  Mass  Spectrometer 
(NMS) 

Determine  chemical  and  isotopic 
composition  of  Jovian  atmosphere. 

Helium  Abundance  Detector 
(HAD) 

Perform  precision  determination  of 
(HAD)  helium  abundance  measurement 
in  Jovian  atmosphere. 

Nephelometer  (NEP) 

Determine  microphysical  character¬ 
istics  (particle  size  distribution 
number,  density,  and  physical  struc¬ 
ture)  of  Jovian  clouds. 

Net  Flux  Radiometer 

Measure  vertical  distribution  of  net 
flux  of  solar  energy  and  planetary 
emissions. 

Lightning  and  Radio  Emission/ 
Energetic  Particle  Detector 
(LRD/EPD) 

Study  lightning  in  the  Jovian  atmos¬ 
phere  and  energetic  particles  near 
Jupiter. 

Radio  Science 

Study  composition  and  structure  of 
Jovian  atmosphere. 

j.  The  origin  and  behavior  of  interplanetary  dust. 

W.  Radio  science  and  gravitational  wave  Investigation. 

There  is  good  reason  to  believe  that  the  conditions  found  in  the  narrow 
band  of  heliographic  latitudes  sampled  by  spacecraft  confined  to  the 
dcliptic  plane  are  not  representative  of  the  inner  heliosphere  as  a  whole, 
and  yet  attempts  to  understand  the  basic  physical  processes  occurring 
within  this  environment  have  so  far  been  based  on  observations  made  in  the 
ecliptic  plane.  ULS  will  for  the  first  time  permit  measurements  to  be 
tSade  in-situ  away  from  the  plane  of  the  ecliptic  and  over  the  poles  of  the 
sun,  its  unique  trajectory  taking  the  spacecraft  into  the  uncharted  third 
dimension  of  the  heliosphere. 

C19.6.1  Nominal  Mission 

the  Ulysses  spacecraft  will  be  launched  at  the  ELS  by  the  STS  with  a 
Centaur  upper  stage  and  will  then  travel  nearly  in  the  ecliptic  plane  to 
Jupiter.  The  gravitational  field  of  Jupiter  will  be  used  to  deflect  the 
Spacecraft  into  an  out-of-ecliptic  trajectory.  After  Jupiter  flyby,  the 
spacecraft  will  travel  in  a  heliocentric  out-of-ecliptic  orbit,  passing 
over  the  polar  regions  of  the  Sun.  The  choice  whether  to  travel  north  or 
south  after  Jupiter  shall  be  made  no  later  than  June  1986,  so  that  as  much 
information  about  the  new  solar  cycle  as  is  possible  to  collect  may  be 
considered  in  the  decision.  Figure  C19-IS  depicts  the  nominal  ULS 
trajectory. 

C19.6.2  Launch  and  Injection 

The  launch  and  injection  phase  begins  with  Shuttle  lift-off  and  continues 
until  spacecraft  separation  from  the  Centaur.  Deep  space  network  (DSN) 
acquisition  occurs  within  10  minutes  of  spacecraft  separation  (nominal 
deployment  on  Rev  5). 

The  daily  launch  window  is  one  hour  from  IS  May  1986  to  7  June  1986  for 
injections  from  IS  May  1986  to  8  June  1986,  respectively.  The  baseline 
C3  is  133  km^/sec^,  but  it  could  be  as  high  as  136  or  as  low  as  130 
to  maximize  performance.  Launch  times  for  these  C3S  are  within  eight 
minutes  of  baseline  C3  launch  time  versus  launch  data  curve. 

An  additional  contingency  launch  period  after  the  Ulysses  secondary  launch 
period  is  being  considered.  It  is  preliminary  at  this  time. 

Major  activities  in  this  phase  include  launch.  Shuttle  ascent.  Shuttle 
orbit,  Centaur/CISS/Ulysses  checkout.  Centaur  deployment  and  separation. 
Centaur  coast,  Centaur  burn,  reorientation  to  separation  attitude,  spin-up 
Ulysses  separation.  Centaur  collision  and  contamination  avoidance  maneuver 
(CCAM),  and  DSN  acquisition. 

A  more  detailed  summary  of  these  events  is  listed  in  Tables  C19-8  and 
C19-9. 
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Table  C19-S  Ulysses  Launch-to-In jection  Sequence  of  Events  (Centaur) 


Centaur  Events 

Item 

Time,  h:m:s,  h:m 

Event 

Duration,  b:m 

1 

01:51:10  MET 

CISS /Centaur  Checkout 

03:00 

2 

02:30:00  MET 

Accelerometer  Bias  Calibration 

15:00 

03:43:56  MET 

Gyro  Platform  Rotation 

02:00 

3 

06:40:00  MET 

Centaur  Separation 

0  to  06:00 

4 

SEP  +  05:00 

Arm  Centaur  RCS 

5 

SEP  +  05:25 

Tail-to-Sun  Attitude  Maneuver 

04:30 

6 

SEP  +  45:00 

Arm  Centaur  Main  Engine 

7 

MES  -  05:00 

Reorient  to  MES  Attitude 

02:00 

8 

MES  +  00:00 

Centaur  Burn 

10:00 

9 

MECO  +  05:00 

LH2  Tank  Venting  Phase 

05:00 

10 

MECO  +  05:00 

ULS  Separation  Attitude 

Maneuver 

01:30 

11 

MECO  +  07:30 

Spin  up  to  4.7  rpm 

01:40 

12 

MECO  +  09:11 

Ulysses  Separation 

13 

MECO  +  09:16 

Centaur  Despin 

00:54 

14 

MECO  +  10:10 

Reorient  to  CCAM  Attitude 

01:10 

15 

MECO  +  11:20 

CCAM  Phase,  LK2-L0X 

Blow  Down 

06:00 

16 

MECO  +  17:20 

Centaur  Coast 

Table  C19-5  Ulysses  Launch-co-Injection  Sequence  of  Events 


Ulysses  Events 

Item 

Time,  h:m:s,  h:m 

Event 

Duration,  h:m 

Ref. 

I 

02:00:00  MET 

Spacecraft  Checkout, 
Reconfigure  RTG  Power 

Dump  75  Minutes  Total, 
interrupted 

(75:-  ' 

2 

06:40:00  MET 

Centaur  Separation 

0  to  06:00 

3 

MECO  +  09:11 

Ulysses  Separation 
(USEP) 

4 

USEP  +  10:00 

Ulysses  Coast,  DSN 
Acquisition 

Note:  Item  1  depends  on  TDRS  coverage.  Cneckout  is  not  continuous  but  in 

blocks  of  time  wh)r:never  available. 

Until  Centaur  separation  from  the  Shuttle,  spacecraft-to-ground 
communications  will  be  through  the  STS.  Predicted  and  actual  Centaur  MECO 
state  vectors  will  be  sent  from  the  Centaur  Payload  Operations  Control 
Center  (CPOCC)  to  JPL,  and  JPL  will  generate  DSN  predicts. 

CPOCC  will  send  the  time  of  lift-off  to  JPL  via  voice  and  FAX  so  that 
acquisition  predicts  can  be  generated  from  launch  polynomials  supplied  by 
LeRC  (Centaur). 

C 1 9 . 6 . 3  Near-Earth 

The  near-Earth  phase  is  from  OSN  acquisition  until  approximately  day  30. 
During  this  phase,  two  trajectory  correction  maneuvers  (TCM)  will  take 
place.  The  TCM-1  will  occur  nominally  10  days  after  separation  from  the 
Centaur  and  will  be  followed  by  TCM-2,  which  should  occur  about  30  days 
after  launch.  During  this  phase,  spacecraft  and  science  instrument 
checkouts  and  calibrations  will  be  performed.  DSN  support  tracking  for 
navigation  will  be  continuous.  Orbit  determination  (OD),  maneuver 
strategy,  and  control  software  verification  will  be  emphasized  during  this 
phase.  Tracking  will  be  2U  hours  per  day  with  64-m  antenna  coverage 
during  TCMs. 

C 1 9 . 6 . 4  Earth-Jupiter 

The  Earth-Jupiter  phase  is  post-TCM-2  to  just  prior  to  Jupiter  encounter 
(J-25).  After  TCM-2,  DSN  support  will  be  maintained  at  the  nominal 
mission  schedule  of  eight  hours  per  day,  seven  days  per  week.  A  superior 
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conjunction  will  occur  nominally  on  day  310  of  the  mission,  with  potential 
loss  of  command /telemetry  capability  of  up  to  13  days  around  conjunction. 
At  this  time,  enhanced  DSN  support  is  required  for  radio  science. 

C19.6.5  Jupiter  Flyby 

The  Jupiter  flyby  is  J  minus  25  to  J  plus  1.  About  15  days  prior  to  TCM-3 
(J  minus  10),  navigation  will  be  emphasized  in  support  of  Che  TCM.  At 
close  approach  to  Jupiter,  radiation-sensitive  science  instruments  may  be 
put  in  a  safe  state.  DSN  coverage  will  increase  with  required  64-m 
coverage.  Passage  through  the  Jovian  radiation  belts  will  be  a  major 
environmental  hazard  during  the  mission.  This  factor  has  been  taken  into 
account  in  both  spacecraft  subsystem  and  experiment  design.  The  distance 
of  closest  approach  to  Jupiter  will  be  6-7  Jovian  radii,  and  the  radiation 
dose  is  expected  to  be  slightly  lower  than  Chat  encountered  by  Pioneerr  10 
and  11  and  by  the  two  Voyager  spacecraft. 

C19.6,6  Out-of-Ecliptic 

There  are  four  out-of  acliptic  phases: 

a.  From  post-Jupiter  flyby  to  the  beginning  of  the  first  soi-r  pass 
above  70  degrees  heliographic  latitude; 

b.  The  first  solar  polar  over-flight  phase; 

c.  From  the  end  of  the  first  solar  over-flight,  through  the  ecliptic, 
Co  Che  beginning  of  the  second  solar  pass  above  70  degrees; 

d.  The  second  solar  polar  over-flight  phase. 

Although  all  four  phases  are  of  high  scientific  importance,  the  two  polar 
over-flight  phases  have  been  formally  declared  as  being  of  the  most 
significant  value. 

C19.5.7  .Mission  Summary 

A  precis  of  Che  mission  has  been  given  as  follows.  The  inecliptic  mission 
phases  are  particularized  by; 

a.  Launch  Period;  May  13  -  June  8,  1986 

b.  Launch  Energy:  133.0  km^/s^ 

c.  Jupiter  Encounter;  July  18  -  August  23,  1987 

d.  Closest  Approach  to  Jupiter:  6.0  Jovian  radii 
The  uut-of-eclipCic  mission  phases  are  characterized  by: 

a.  Perihelion  Date;  13  June  1990 

b.  Perihelion  Distance;  1.2  AU 
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c.  Maximun  Solar  Latitude:  35* 


d. 

Total  Time  above  70* 

(South 

First ) : 

235 

days 

e. 

Total  Time  above  70* 

(North 

First): 

172 

days 

f . 

Heliocentric  Range  at 

Maximum  Latitude: 

1.9  -  2.0  AU 

8* 

Mission  Termination: 

March 

31,  1991 

C19.6.8  Mission  Abort  Operations 


In  the  event  of  problems  incurred  while  on  orbit,  it  would  be  possible  to 
abort  the  Ulysses  mission  and  return  with  the  spacecraft  in  the  Shuttle 
payload  bay. 

In  the  event  of  a  Centaur  main  engine  failuve,  the  main  engine  will 
automatically  attempt  to  fire  a  second  time.  Should  the  second  attempt  to 
fire  fail,  the  Centaur  will  automatically  step  through  its  normal 
post-MECO  sequence  of  events  on  a  speeded-up  time  scale  so  that  the 
Ulysses  spacecraft  will  separate  from  the  Centaur. 

This  would  leave  the  ULS  spacecraft  in  a  low-Earth  orbit  (the  Shuttle's 
130-nm  parking  orbit)  with  a  low  lifetime  on  the  order  of  ^  days.  The 
spacecraft  would  have  an  available  propellant  mass  that  could  provide  a 
delta  V  of  approximately  214  m/sec.  Preliminary  analysis  indicates  that 
this  delta  V  would  allow  the  spacecraft  to  achieve  a  circular  orbit 
altitude  of  330  nm,  which  is  sufficient  to  provide  an  orbit  lifetime  of 
approximately  3  years. 

The  spacecraft  propellant  could  also  he  used  during  spacecraft  reentry  to 
modify  the  reentry  velocity  to  control  the  point  of  reentry,  such  as  over 
a  large  body  of  water,  if  it  can  be  demonstrated  that  reentry  calculations 
can  be  accurately  predicted.  No  study  of  this  application  of  the 
spacecraft  propellant  has  been  initiated. 
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Figure  C19-1  Galileo  Launch  Configuration 
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Figure  C19-2  Galileo  Spacecraft:  Stowed  Configuration 
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Figure  C19-4  ESA  Spacecraft  Configuration  for  Ulysses 
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Figure  C19-5  Galileo  RHU  Location 
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Figure  C19-9  Galileo  Two-Fault-Tolerant  Safety  Inhibits  (Detail) 
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PROTECTED  LOADS 


Inhibits  (Overview) 


ST5/0SE  COOLING  SUPFIY 


Figure  C19-11  Galileo  RxG  Active  Cooling  System 
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ON  OROIT 


SECOND  DAILY  WINDOW 

60  MINUTE  WINDOW  JUPITER  ARRIVAL  DATE  =  8/27/88 


am  iHOHAiiva  Nuaisva  -  awii  honpivt 
Figure  C19-l^  Opening  of  Launch  Window  vs  Launch  Date 
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LAUNCH  DATE  -  1980 


